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Under  its  congressional  mandate,  the  National  Heart,  Lung,  and  Blood 
Institute 

— conducts  and  supports  fundamental  research  on  the  heart,  blood 
vessels,  blood,  and  lungs  and  on  the  diseases  that  afflict  them; 

— develops  and  evaluates  new  or  improved  means  for  the  prevention, 
detection,  diagnostic  evaluation,  and  treatment  of  these  diseases; 

— encourages  widespread  application  of  proven  new  techniques  by  the 
research  and  medical  conmunities; 

— provides  support  for  training  research  workers,  clinicians,  and 
teachers  in  the  cardiovascular,  blood,  and  pulmonary  fields;  and 

— informs  the  general  public  and  health  professionals  about  research 
and  clinical  advances  arising  fron  Institute  programs. 

Some  highlights  of  progress  during  the  year  in  major  NHLBI  program 
areas  are  briefly  described  in  the  sections  that  follow. 

Heart  and  Blood  Vessel  Diseases 

Major  heart  and  blood  vessel  diseases  addressed  by  the  Institute 
programs  include  arteriosclerosis,  coronary  heart  disease,  hypertension, 
cerebral  vascular  disease,  and  congenital  and  rheumatic  heart  diseases. 
Other  research  conducted  and  supported  by  NHLBI  deals  with  arrhythmias, 
cardionyopathies,  heart  failure  and  shock,  peripheral  vascular  diseases, 
medical  devices  and  technology,  epidemiology  and  biCTaetry,  and  fc>ehavioral 
medicine. 

An  important  facet  of  this  research  is  identification  of  factors  that 
increase  susceptibility  to  heart  and  blood  vessel  diseases  as  well  as 
evaluation  and  application  of  countermeasures  against  modifiable  risk 
factors,  the  goal  being  to  avert  or  delay  the  onset  of  disabling  or 
potentially  lethal  manifestations  of  these  disorders. 

Elevated  blood  levels  of  low-density  lipoproteins  (LDL),  the  principal 
carriers  of  cholesterol  in  the  blood,  are  associated  with  increased  risk 
of  pranature  arteriosclerosis,  whereas  a  robust  high-density  lipoprotein 
(HDL)  fraction  is  thought  to  confer  some  measure  of  protection  against 
the  disease. 
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f^       Investigators  in  the  Framingham  Offspring  Study  canpared  LDL  and 
J,-   HDL  cholesterol  values  among  1,312  males  aged  35  to  54.  Of  these,  43  had 
^       clinical  coronary  heart  disease,  the  remainder  did  not.  I'Jhen  LDL  or  HDL 
cholesterol  were  considered  separately,  neither  provided  any  clear-cut 
distinction  between  subjects  with  and  tliose  without  QID,  but  considering 
them  together,  the  investigators  noted  that: 

— the  presumably  protective  combination  of  low  LDL  cholesterol  and 
high  HDL  cholesterol  was  more  than  twice  as  comraon  among  subjects 
without  CHD  as  among  subjects  with  CHD  (52  percent  versus  21  percent, 
respectively) .  . 

— the  presumably  atherogenic  ccrobination  of  high  LDL  cholesterol 
and  low  HDL  cholesterol  was  three  times  as  canraon  among  subjects 
with  CHD  as  among  those  without  CHD  (21  percent  versus  7  percent, 
respectively) . 

Regular  physical  exercise  affords  one  means  of  raising  HDL  levels, 
though  there  is  seme  evidence  that  it  works  better  for  men  than  for 
wanen.  Among  men,  a  recent  study  indicated,  the  amount  of  habitual 
exercise  appeared  to  be  directly  related  to  the  HDL  levels  observed. 

Ihe  investigators  compared  HDL  levels  in  marathon  runners,  joggers, 
and  inactive  men.  The  marathon  runners  were  training  strenuously  and 
averaged  running  some  40  miles  per  week;  the  joggers  averaged  about  11 
miles  a  week;  and  the  inactive  men  neither  jogged  nor  ran  on  a  regular 
basis. 

The  marathon  runners  had  the  highest  HDL  levels  (64.76  +  14.25 
mg/dl),  the  sedentary  individuals  the  lowest  (43.31  +  14.24),  and  the 
joggers'  levels  were  in  between  (58.04  +  17.70),  though  nearer  those  of 
the  marathon  runners.  The  most  active  men  also  had  the  lowest  blood 
levels  of  cholesterol  and  triglycerides,  and  the  least  active  had  the 
highest  levels  of  the  lipids.  Though  there  were  sane  dietary  differences 
among  the  three  groups,  they  did  not  appear  to  account  for  the  observed 
differences  in  HDL  levels. 

More  modest  exertions  can  also  improve  the  HDL  picture.  Other 
investigators  canpared  HDL  levels  among  heart-attack  survivors  who 
participated  in  an  exercise  rehabilitation  program,  heart-attack 
survivors  who  did  not  participate,  and  normal  controls.  Initially, 
txDth  groups  of  MI  patients  had  HDL  levels  (35.2  +  7.9  mg/dL)  significantly 
lower  than  those  of  the  controls.  With  training  (45  minutes  of  walking, 
jogging,  and  calisthenics  three  times  a  week),  HDL  levels  among  program 
participants  rose  to  40.0  +  8.4,  a  level  significantly  higher  than  that  of 
nonparticipant  and  similar  to  that  of  the  controls.  The  higher  HDL 
levels  in  the  rehabilitation  group  were  achieved  after  only  1  week  of 
participation  in  the  training  program  and  persisted  throughout  the  6 
months  of  the  study. 
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Examination  of  the  blood  vessels  of  the  retina  is  routine  procedure 
in  the  evaluation  of  patients  with  hypertension  or  diabetes.  However, 
a  recent  study  suggests  that,  in  the  absence  of  either  disease,  changes 
in  the  retinal  vessels  may  be  independently  associated  with  atherosclerosis 
and  may  provide  a  sensitive  indicator  of  the  presence  and  severity  of 
coronary  heart  disease. 

Seventy  patients,  neither  hypertensive  nor  diabetic  but  v^o  were 
scheduled  for  coronary  angiography  because  of  chest  pain,  were  initially 
examined  by  an  ophthalmologist.  He  checked  the  retinal  vessels  for 
arteriolar  light  reflex  changes,  decreased  blood  vessel  caliber  or 
increased  tortuosity,  and  for  arteriovenous  crossing  defects. 

Of  47  patients  subsequently  found  to  have  CHD  on  angiography,  46 
had  exhibited  abnormal  light  reflexes  on  on  funduscopic  examination. 
Of  23  patients  without  CHD,  light  reflexes  were  normal  in  14  and  the 
other  11  exhibited  only  slight  changes  (grade  2  or  less).  In  general 
the  grade  of  the  light  reflex  changes  correlated  with  the  extent  of  the 
coronary  disease. 

Abnormal  light  reflexes  proved  to  be  the  most  sensitive  indicator; 
the  other  abnormalities,  though  occurring  much  more  frequently  in  QID 
patients  than  in  the  normal  subjects,  ranged  in  sensitivity  fron  19  percent 
for  blood  vessel  tortuosity  to  68  perceot  for  crossing  defects.  Only  1 
patient  with  CHD  exhibited  no  retinal  abnormalities  at  all,  versus  13  of 
those  without  CHD. 

The  percentage  of  women  in  the  U.S.  labor  force  increased  from  23 
percent  in  1950  to  42  percent  in  1978,  with  most  of  this  increase  accounted 
for  by  working  wives.  Seme  have  surmised  that  working  wonen  must  often 
contend  with  higher  levels  of  stress  than  housewives  usually  experience 
and  they  have  been  apprehensive  that  this  might  increase  the  working 
women's  vulnerability  to  coronary  heart  disease. 

Recent  results  from  the  Framingham  Heart  Study  indicate  that  the 
working  wcxnen  in  the  Framingham  population  were  under  more  stress  than 
were  the  housewives  but,  overall,  did  not  have  significantly  higher 
incidence  rates  of  CHD  (7.8  percent  versus  5.4  percent,  respectively). 
However,  certain  subgroups  of  working  wonen  did  appear  to  be  at  appreciably 
higher  risk:  among  clerical  workers,  the  incidence  of  CHD  (10.6  percent) 
was  nearly  twice  that  of  housewives  and,  among  clerical  workers  with 
children,  it  was  nearly  three  times  as  high  (15.4  percent).  At  highest 
risk  were  clerical  workers  with  children  and  v*io  were  married  to  blue 
collar  workers  (CHD  incidence:  21.3  percent). 

Factors  associated  witli  higher  CHD  incidence  rates  included  non- 
supportive  bosses,  suppressed  hostility,  dead-end  jobs  or  restricted  job 
mobility,  and  three  or  more  children — the  last  suggesting  that  the  combined 
roles  of  wife,  mother,  and  breadwinner  may  be  especially  taxing. 
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Another  factor  may  be  the  Type  A  behavior  pattern,  characterized  by 
aggressiveness,  immersion  in  deadlines,  and  a  chronic  sense  of  time 
urgency.  Vforking  wonen  were  much  more  likely  to  report  Type  A  behavior 
than  were  housewives;  and,  in  another  study  among  Framingham  subjects. 
Type  A  wonen  developed  twice  as  much  CHD  and  three  times  as  much  angina 
as  did  their  more  placid  Type  B  sisters. 

In  1959  the  Build  and  Blood  Pressure  Study,  based  on  the  actuarial 
experience  of  U.S.  insurance  companies  over  the  period  1935-1953,  indicated 
a  direct  relationship  between  mortality  and  body  weight.  In  general,  the 
data  indicated,  the  heavier  the  individual  in  relation  to  height,  the 
greater  his  risk  of  death,  v^ereas  this  risk  was  lowest  among  those  well 
below  average  weight.  The  report  provided  the  basis  for  tables  of 
desirable  weights  prepared  by  the  Metropolitan  Life  Insurance  Company  and 
widely  used  by  physicians. 

Recently,  a  study  among  individuals  enrolled  in  the  Framingham  Heart 
Study  arrived  at  somewhat  different  conclusions.  The  results  indicated 
that  mortality  rates  were  lowest  in  the  average  weight  range  and  were 
higher  at  either  extreme  of  the  weight-height  spectrum:  that  is,  among 
individuals  substantially  above  or  below  average  weight. 

The  Framingham  findings  with  respect  to  obesity  were  not  surprising 
in  view  of  the  atherogenic  traits  conmonly  associated  with  overweight: 
higher  blood  presure;  a  higher  prevalence  of  diabetes;  and  higher  blood 
levels  of  lipids,  glucose,  and  uric  acid. 

However,  the  higher  mortality  noted  among  the  leanest  subjects  is 
more  puzzling.  Although  a  higher  proportion  of  individuals  in  this  group 
were  smokers,  the  excess  risk  associated  with  the  habit  did  not  fully 
explain  their  higher  mortality,  nor  did  weight  loss  possibly  due  to  sane 
debilitating  or  potentially  life-threatening  illness. 

The  study  results  do  not  contradict  the  plethora  of  evidence  tliat 
sensible  programs  of  weight  reduction  are  probably  beneficial  in  obese 
subjects,  but  they  do  raise  questions  about  the  value  of  such  regimens  in 
persons  already  at  or  near  average  weight. 

The  registry  canpiled  in  conjuction  with  the  Coronary  Artery  Surgery 
Study  (described  later)  provided  a  group  of  8,807  individuals  fron  whom 
extensive  data  on  risk  factors  had  been  collected  and  in  ^csa   subsequent 
coronary  angiograms  provided  objective  evidence  of  the  presence  or  absence 
of  clinically  significant  coronary  heart  disease. 

Accordingly,  the  investigators  sought  to  determine  v^ich  individual 
factors  and  canbinations  of  factors  were  most  strongly  correlated  with 
the  findings  at  arteriography.  Their  analysis  showed  that  age,  male 
gender,  cigarette  smoking  experience,  and  blood  cholesterol  levels  were 
the  best  overall  predictors,  though  a  family  history  of  CHD,  hypertension, 
and  diabetes  had  significant  predictive  value  in  sane  subgroups  of 
patients. 
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Increasing  age  and  male  gender  were  very  powerful  risk  factors, 
eclipsing  any  others  among  the  oldest  group  of  male  subjects. 

Ihe  risk  associated  with  smoking  and  elevated  blood  cholesterol  was 
most  pronounced  ainong  youiiger  subjects.  Among  subjects  under  45  who 
proved  to  have  coronary  heart  disease  upon  arteriajraphy,  9  of  every  10 
were  either  s'n^okers  or  ex-siaokers.  Ainong  wcfaen  under  55  and  males  under 
35,  the  combination  of  elevated  cholesterol  and  smoking  increased  CHD 
risk  more  than  fourfold.  Conversely,  CHD  was  rarely  found  anong  wanen 
under  45  with  neither  of  these  risk  factors. 

Ihough  the  study  demonstrated  significant  relationships  between  certain 
risk  factors  and  angiographically  documented  coronary  heart  disease,  the 
investigators  feel  that  risk  factor  profiles  have  only  limited  value  for 
forecasting  the  presence  or  extent  of  the  disease  in  individual  patients. 

On  two  occasions  during  the  past  year,  cancer  came  up  for  discussion 
in  the  context  of  NHLBI  program  activities.  The  first  arose  in  conjunction 
with  NCI  test  results  indicating  that  reserpine  demonstrated  carcinogenicity 
in  mice. 

One  of  the  earliest  of  "modem"  blood  pressure  drugs,  reserpine  has 
been  in  clinical  use  for  more  than  30  years.  Ibday,  despite  a  wide 
variety  of  agents  that  have  come  along  since,  reserpine  remains  a  favored 
drug  in  the  treatment  of  mild  to  moderate  hypertension. 

Earlier,  reports  from  several  clinical  studies  had  suggested  a  possible 
association  between  reserpine  use  and  increased  occurrence  of  breast 
cancer  in  wanen,  but  a  number  of  other  studies  found  no  such  association. 
Very  recently,  investigators  fron  the  Mayo  Clinic  examined  the  relationship, 
if  any,  between  antihypertensive  therapy,  especially  reserpine  and 
thiazides,  and  breast  cancer  among  2,000  hypertensive  wanen  in  the 
Rochester,  Minnesota  area. 

Using  extensive  data  on  the  incidence  of  breast  cancer  in  the  Rochester 
area  gathered  during  an  earlier  epidemiological  survey  plus  similar  data 
compiled  by  the  Connecticut  Tumor  Registry,  the  investigators  conpared 
expected  to  observed  cases  of  breast  cancer  in  the  study  population  both 
before  and  after  exposure  to  reserpine  and/or  thiazides.  Ihe  conparison 
disclosed  no  evidence  of  any  association  between  reserpine  use  and  breast 
cancer.  In  fact,  the  ratio  of  observed  to  expected  cases  was  lowest 
among  reserpine- treated  wanen,  notably  among  those  with  longer-terra 
exposure  to  the  drug. 

The  results  of  this  and  other  studies  suggest  that  if  reserpine  is,  in 
fact,  carcinogenic,  its  cancer-causing  potential  in  humans  must  be  very 
low  indeed.  In  terms  of  relative  risk,  any  threat  of  cancer  fron  reserpine 
use  is  probably  miniscule  conpared  with  the  threats  posed  by  uncontrolled 
hypertension,  though,  if  need  be,  other  agents  can  readily  be  substituted 
for  reserpine  in  the  antihypertensive  regimen.  FDA  has  reviewed  evidence 
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for  and  against  any  reserpine-cancer  connection  and  has  not  withdrawn  the 
drug  fron  prescription  use. 

In  February  1980  the  Institute  convened  a  panel  to  review  mortality 
fron  noncardiovascular  causes  in  eight  NHLBI-supported  epidemiological 
studies.  Of  special  concern  were  data  fron  Framingham,  the  Honolulu 
Heart  Study,  and  the  Puerto  Rico  Heart  Health  Study  suggesting  that  ver\' 
low  serum  cholesterol  levels  may  be  associated  with  some  increase  in  risk 
from  various  types  of  cancer. 

The  Framingham  data  indicated  that  males  with  cholesterol  levels 
below  190  mg/dl  had  an  incidence  of  colon  cancer  three  times  that  of 
males  with  higher  levels,  the  incidence  of  this  and  other  cancers  decreasing 
with  rising  cholesterol  levels.  The  Honolulu  Study  noted  excess  deaths 
fron  stomach,  colon,  liver,  and  lung  cancer  among  males  with  cholesterol 
levels  below  180,  and  the  Puerto  Rican  study  noted  excess  cancer  deaths 
among  rural  males  and  urban  males  aged  45-54  with  levels  below  195,  these 
rates  being  highest  among  those  with  levels  below  165.  Other  studies 
reviewed  by  the  panel  disclosed  no  such  associations. 

The  panel  concluded  the  available  data  were  too  limited  and  too 
inconsistent  to  substantiate  any  causal  relationship  between  low  cholesterol 
levels  and  increased  cancer  risk,  adding  that  the  apparent  relationship 
observed  in  several  studies  may,  in  fact,  be  reflecting  effects  on  blood 
lipids  of  inapparent  or  silent  malignancies.  However,  they  reconmended 
continued  investigation  of  the  matter,  including  re-examination  of  data 
fron  other  population  studies  to  see  whether  similar  or  dissimilar 
cholesterolcancer  relationships  might  surface.  The  additional  data  will 
be  assessed  at  a  second  meeting  of  the  panel  next  spring. 

Various  epidemiological  studies  have  indicated  that  bruits  in  the 
carotid  arteries  traversing  the  neck  are  an  important  risk  factor  for 
stroke.  Because  of  this  association,  sane  vascular  surgeons  have  opined 
that  prolonged,  high  pitched  mid-carotid  bruits  warrant  arteriographic 
evaluation  even  if  the  patient  has  experienced  no  symptons,  with 
endarterectcsny  recommended  if  significant  narrowing  is  found  in  the 
internal  carotid  artery. 

Data  from  the  Framingham  Heart  Study  indicate  that  carotid  bruits  in 
asymptomatic  subjects  were,  in  fact,  associated  with  a  stroke  rate  more 
than  twice  that  expected  on  the  basis  of  age  and  sex.  BDwever,  more 
often  than  not,  strokes  occurring  in  these  subjects  could  not  be  ascribed 
to  carotid  artery  disease  because  they  either  involved  a  different  vascular 
territory  or,  in  many  instances,  resulted  from  ruptured  aneurysms  or 
migrant  clots  from  the  heart  or  elsevdiere. 

Carotid  bruits  were  also  associated  with  a  twofold  increase  in  the 
incidence  of  heat  attacks  and  higher  general  mortality,  with  most  deaths 
due  to  cardiovascular  causes.  Those  observations  led  the  investigators 
to  conclude  that  carotid  bruits  are  more  often  a  general. 
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nonfocal  sign  of  advanced  arteriosclerosis  tlian  a  harbinger  of  local 
arterial  stenosis  preceding  cerebral  infarction. 

In  another  study,  involving  6-year  followup  of  subjects  over  45 
with  carotid  bruits,  but  who  had  not  experienced  previous  strokes, 
transient  ischemic  attacks  or  overt  symptans  of  coronary  heart  disease, 
carotid  bruits  were  associated  with  a  high  stroke  risk  for  men  but  not 
for  wcmen.  As  in  the  Framingham  Study,  the  correlation  was  poor  betv\^en 
the  location  of  the  bruit  and  the  type  of  stroke  that  subsequently 
occurred,  and  bruits  were  also  found  to  increase  risk  of  death  fron 
coronary  heart  disease  in  men. 

The  investigators  concluded  that  asymptanatic  bruits  are  indicators 
of  systemic  vascular  disease  but,  of  thenselves,  do  not  justify  invasive 
diagnostic  procedures  or  aggressive  surgical  approaches. 

The  Hypertension  Detection  and  Followup  Program,  completed  last  year, 
clearly  demonstrated  the  health  benefits  of  good  blood-pressure  control 
in  hypertension,  v>*iatever  the  subject's  initial  blood-pressure  level, 
age,  sex,  or  color.  The  study  involved  scsne  11,000  participants,  selected 
from  aitong  nearly  160,000  people  initially  screened  in  14  conraunities. 
The  study  population,  aged  30-69,  contained  nearly  equal  numbers  of  men 
and  wcmen,  blacks  and  v^ites,  and  represented  all  strata  of  high  blood 
pressure  from  borderline  to  severe. 

Half  the  subjects  received  an  aggressive,  highly  systemized  program 
of  therapy  administered  by  HDFP  clinics.  Special  efforts  were  made  to 
secure  the  patients'  full  cooperation  and  faithful  adherence  to  prescribed 
treatment.  The  control  group  was  referred  to  their  usual  sources  of 
medical  care;  however,  these  subjects  were  seen  annually  at  HDFP  clinics 
and  most  were  under  drug  treatment  throughout  the  5-year  followup  period. 

Even  so,  after  5  years,  the  clinic  patients  had  a  17  percent  lower 
mortality  rate  from  all  causes  than  did  the  control  group  and  an  18  percent 
lower  mortality  rate  from  cardiovascular  disease.  Especially  gratifying 
were  the  results  achieved  by  the  clinics  among  patients  with  borderline 
to  mild  hypertension  (diastolic  pressures  of  90-104).  Clinic  patients 
had  a  20  percent  lower  mortality  rate  fron  all  causes  than  did  controls  in 
the  same  blood  pressure  stratum  and  a  26  percent  lower  morality  rate  fron 
cardiovascular  disease. 

Whether  to  treat  borderline  or  mild  hypertension  had  been  a  controversial 
question  in  the  medical  community,  but  the  HDFP  results  daiionstrated 
unequivocally  that  effective  treatment  of  mild  hypertension  can  prolong 
life  and  that  the  health  benefits  clearly  outweigh  any  attendant  risk  of 
side  effects  in  drug- treated  patients. 

Other  clinical  trials  involving  interventions  against  modifiable  risk 
factors  are  still  in  progress. 

The  Coronary  Primary  Prevention  Trial  involves  4,000  men  with  Type  II 
hyperlipoproteinemia  (characterized  by  elevated  blood  cholesterol)  but 
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with  no  clinical  evidence  of  coronary  heart  disease  at  entry  into  the 
study.  It  is  evaluating  a  cholesterol-lowering  diet  or  the  same  diet 
supplemented  with  cholestyramine  (a  cholesterol-lowering  drug)  in  reducing 
expected  rates  of  morbidity  or  mortality  fran  coronary  heart  disease  in 
this  highrisk  group. 

The  Multiple  Risk  Factor  Intervention  Trial  involves  nearly  13,000 
men  at  heightened  risk  fro-ii  coronary  heart  disease  because  of  various 
ccmbinations  of  elevated  blood  cholesterol,  elevated  blood  pressure, 
and/or  cigarette  smoking.  Any  one  of  these  factors  roughly  doubles  CHD 
risk,  and  the  presence  of  all  three  may  run  it  up  by  a  factor  of  ten  or 
more.  We  are  hopeful  that  systematic  modification  of  these  factors  over 
a  6-year  period  will  produce  substantial  reductions  in  that  risk  and  will 
be  reflected  in  lowered  CHD  mortality  rates. 

Still  other  NHLBI-supported  trials  are  concerned  with  secondary 
prevention:  that  is,  evaluation  of  measures  to  reduce  disability  and 
improve  long-term  survival  among  persons  already  victimized  by  atherosclerosis 
or  its  ccmplications. 

The  recently  completed  Aspirin-Myocardial  Infarction  Study  sought 
to  determine  whether  daily  doses  of  aspirin  would  reduce  the  threat  of 
recurrent  heart  attacks  and  the  number  of  cardiac  deaths  among  4,200 
patients  who  had  previously  sustained  one  or  more  such  attacks.  Because 
a  high  proportion  of  heart  attacks  are  thought  to  be  precipitated  by 
clotting  phenonena  in  the  coronary  arteries  and  because  aspirin  inhibits 
the  aggregation  of  blood  platelets — thought  to  be  an  important  early  step 
in  clot  formation — it  was  hoped  that  aspirin  might  confer  significant 
protection  against  such  clotting  ccmplications  and  so  improve  long-term 
survival  in  the  treatment  group  as  compared  with  patients  receiving  a 
placebo. 

The  study  results  indicated  otherwise:  the  aspirin- treated  group 
fared  no  better  than  the  placebo  group.  Actually,  total  mortality  and 
heartattack  deaths  were  slightly  higher  among  aspirin- treated  patients; 
and,  though  they  had  scmev^at  fewer  nonfatal  recurrent  attacks  and 
suffered  fewer  strokes  and  transient  ischemic  attacks  than  did  the  placebo 
group,  they  also  had  a  substantially  higher  incidence  of  gastric  symptoms. 
Conclusion:  based  on  the  study  results,  aspirin  could  not  be  recanmended 
as  a  routine  prophylactic  measure  for  heart-attack  survivors. 

Another  study  on  antiplatelet  drugs  in  secondary  prevention  yielded 
slightly  more  encouraging  results.  The  study  compared  aspirin  or  aspirin 
plus  dipyridamole  with  a  placebo  in  2,026  patients  v^^o  had  previously 
sustained  heart  attacks.  Though  differences  between  drug-treated  and 
placebo  groups  did  not  quite  reach  statistical  significance,  both  the 
aspirin  and  aspirin  plus  dipyridamole  groups  had  sanewhat  lower  rates  for 
total  mortality,  CHD  mortality,  and  nonfatal  coronary  events  than  did  the 
placebo  group.  Further  data  analysis  suggested  that  the  benefits  of 
either  drug  regimen  were  greatest  for  patients  v^ose  therapy  was  begun 
within  6  months  of  the  attack  and  that  any  benefits  accruing  to 
antiplatelet  therapy  appeared  to  be  limited  to  the  first  2  years  of 
treatment. 
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The  Be ta-Blocker .Heart  Attack  Trial  is  evaluating  another  type  of 
drug  that  may  provide  long-term  protection  to  heart  attack  survivors. 
Propranolol,  the  drug  being  tested,  has  a  number  of  potentially  beneficial 
effects:  it  reduces  heart  rate  and  blood  pressure,  reduces  the  cardiac 
workload,  is  a  blood  vessel  dilator,  and  protects  against  certain  types 
of  arrhythmias.  The  study,  initiated  in  1977,  is  currently  in  the 
recruitment  and  intervention  phase. 

The  Multicenter  Investigation  for  the  Limitation  of  Infarct  Size 
(MILIS)  is  investigating  the  effectiveness  of  propranolol  or  the  enzyme 
hyaluronidase  in  salvaging  threatened,  but  still  viable  heart  muscle  when 
infused  early  after  the  onset  of  acute  heart  attacks.   It  is  hoped  that 
either  or  both  agents  will  reduce  the  amount  of  heart  muscle  irreversibly 
damaged  and  thus  decrease  disability  and  improve  after  the  heart  attack 
Entry  of  patients  into  the  study  began  August  1978;  over  1,000  will 
eventually  participate. 

The  Coronary  Artery  Surgery  Study  is  canparing  medical  management  of 
advanced  coronary  heart  disease  with  coronary  bypass  surgery,  a  procedure 
that  has  come  into  widespread  use  during  recent  years  for  the  treatment 
of  intractable  or  unstable  angina  pectoris.  Among  still  controversial 
questions  that  this  study  will  attempt  to  answer:  1)  Under  v^at 
circumstances  does  the  procedure  improve  the  patient's  life  expectancy? 

2)  Under  v*iat  circumstances  does  coronary  artery  bypass  reduce  the  heart- 
attack  risk  of  patients  with  advanced  coronary  obstructions  or  the  risk 
of  recurrent  attacks  in  patients  v\^o  have  previously  experienced  them? 

3)  Wliat  is  the  quality  of  life  over  an  extended  period  for  patient 
undergoing  the  procedure  as  conpared  to  those  receiving  only  medical 
therapy?  Recruitment  of  780  patients  ended  in  June  1979;  in  addition 
24,188  patients  were  enrolled  in  the  CASS  Registry.  All  patients  will  be 
followed  for  5  years.  Two  reports  were  released  in  the  past  year  fran 
registry  studies  on  the  complications  of  coronary  arteriography  and  on 
the  results  of  exercise  stress  testing. 

Angina  pectoris  affects  about  two  million  Americans.  In  most  of 
these  subjects,  the  underlying  cause  is  severe  narrowing  of  one  or  more 
coronary  branches  by  arteriosclerosis.  However,  recent  evidence  indicates 
that  coronary  artery  spasm  may  play  a  larger  role  in  angina  attacks  than 
had  previously  been  supposed. 

Variant  angina,  also  called  Prinzmetal's  angina,  is  thought  to  affect 
about  5  percent  of  angina  victims.  This  condition  can  produce  episodes  of 
severe  chest  pain  in  subjects  with  little  or  no  coronary  arteriosclerosis. 
Here  coronary  spasm  is  clearly  the  precipitating  factor.  But  arteriosclerotic 
arteries  may  also  undergo  spasm.  Indeed,  they  may  be  more  susceptible  to 
spasm  than  apparently  normal  ones.  Thus  many  cases  of  angina  attributed 
to  coronary  arteriosclerosis  may  involve  coronary  spasm  as  an  important 
ccmponent — perhaps  as  many  as  25  to  30  percent  of  all  cases. 

Previously,  coronary  spasm  had  been  difficult  to  danonstrate.  However, 
when  spasm  is  suspected  as  a  cause  of  angina,  the  cold  pressor  test  or 
intravenous  or  intracoronary  infusions  of  ergonovine  maleate  (a  blood 
vessel  constrictor)  will  usually  provoke  spasms  that  reproduce  the 
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patient's  symptcras  and  cause  characteristic  ECG  changes.  The  latter  test 
is  not  without  hazard  and  so  should  be  done  only  in  a  catheterization  lab, 
ICU,  or  similar  facility  where  serious  arrhythmias  or  other  potential 
complications  of  induced  spasm  can  be  dealt  with  promptly. 

The  causes  of  coronary  spasm  are  unknown;  but  one  suspect  in  spasm  of 
arteriosclerotic  arteries  is  platelet  aggregation  at  sites  of  arteriosclerotic 
lesions,  followed  by  platelet  release  of  thranboxane  A2,  a  potent  blood-vessel 
constrictor.  Conceivably,  aspirin,  an  inhibitor  of  thranboxane  A2  production 
by  platelets,  may  be  useful  in  the  prevention  of  spasm  due  to  this  cause, 
though  this  remains  to  be  demonstrated. 

Also  suspected  as  a  cause  of  coronary  spasm  are  localized  aberrations 
of  calcium  metabolism  that  increases  the  influx  of  this  ion  into  muscle 
fibers  of  the  arterial  wall.  This  may  stimulate  the  contractile  machinery 
of  these  fibers  to  an  excessive  degree,  producing  hypertonicity  and  spasm. 

Nitrates  or  beta  adrenergic  blocking  agents,  such  as  propranolol, 
though  highly  effective  against  typical  angina,  have  enjoyed  less  success 
against  angina  due  to  spasm.  However  a  premising  new  group  of  drugs, 
collectively  called  calcium  antagonists,  are  currently  undergoing  clinical 
evaluation.  One  of  these  agents,  nifedipine,  appears  to  be  especially 
effective  against  angina  due  v^olly  or  in  large  measure  to  coronary  spasm. 

In  a  study  among  127  patients  with  documented  coronary  spasm  and 
whose  angina  had  responded  poorly  to  conventional  antianginal  drugs, 
nifedipine  reduced  the  mean  number  of  anginal  episodes  fron  16  per  week 
to  2  per  week.  Of  these  patients,  63  percent  experienced  ccmplete  relief 
from  angina  while  on  nifedipine  therapy  and  only  17  patients  failed  to  show 
a  50  percent  or  greater  reduction  in  the  frequency  of  attacks.  Ten  of  the 
latter  were  receiving  lower  doses  of  the  drug  or  were  taking  it  less  fre- 
quently than  most  of  the  study  subjects.  Side  effects  of  nifedipine  included 
hypotension,  dizziness,  flushing,  and  edema  of  the  feet  and  ankles. 
These  were  severe  enough  to  force  discontinuation  of  the  drug  in  20  of 
the  patients. 

Calciura  antagonists  are  thought  to  work  by  slightly  impeding  the 
movement  of  calcium  into  arterial  and  heart  muscle  cells.  In  the  arteries 
this  results  in  seme  decrease  in  blood  vessel  tone  and  inhibition  of 
spastic  contraction.  In  the  heart  this  is  thought  to  decrease  heart- 
muscle  contractility  and  thus  reduce  the  heart's  oxygen  requirements. 

In  addition  to  providing  more  effective  means  of  treatment  for  variant 
angina,  seme  of  the  calcium  antagonists  show  pronise  as  antiarrhythmic 
agents.  They  may  also  provide  still  another  approach  to  limiting  or 
reducing  the  amount  of  irreversible  heart-muscle  damage  resulting  from 
acute  heart  attacks. 

A  technique  called  percutaneous  transluminal  coronary  angioplasty  (PTCA) 
may  provide  an  alternative  to  coronary  artery  bypass  surgery  in  some  5  to 
10  percent  of  patients  now  considered  surgical  candidates.  It  is  most  likely 
to  be  effective  in  single  vessel  disease  (except  the  left  main  coronary  artery). 
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Ideally  t±ie  dDStruction  should  be  well  localized  and  of  relatively  recent 
origin,  so  that  the  atherosclerotic  deposit  has  not  become  fibrous  or 
calcified.  In  such  cases,  a  balloon  tipped  catheter  may  be  passed  through 
the  site  of  obstruction  under  fluoroscopic  guidance  and  the  sausage-shaped 
balloon  inflated  briefly,  conpressing  the  malleable  lesion  against  the 
blood  vessel  wall  and  thereby  increasing  the  size  of  the  blood  channel. 

Though  clinical  experiences  v\?ith  PTCA  is  still  limited  and  its  long- 
term  benefits  remain  to  be  assessed,  the  number  of  U.S.  centers  employing 
the  technique  in  carefully  selected  patients  is  on  the  increase.  Currently, 
dilation  is  successful  about  55  percent  of  the  time.  PTCA  poses  some  risk: 
conplications  have  included  coronary  artery  dissection,  heart  attacks, 
and,  in  some  instances,  death.  Emergency  coronary  bypass  surgery  has 
occasionally  fcieen  necessary  when  PTCA  was  unsuccessful.  However,  the 
technique  has  appeared  sufficiently  promising  for  the  Institute  to  encourage 
further  laboratory  and  clinical  research  on  PTCA.  NHLBI  has  also  established 
a  registry  to  facilitate  further  evaluation  of  the  effectiveness  of  the 
procedure  and  to  define  its  limitations. 

Other  applications  of  transluminal  angioplasty  have  been  reported. 
One  team  enployed  the  procedure  to  treat  ischemia  of  the  extremities 
resulting  from  stenoses  in  the  iliac,  femoral,  or  popliteal  arteries  of 
27  patients.  Dilation  was  successful  in  30  vessels  in  23  patients,  all 
of  whom  experienced  relief  of  symptors.  During  followup  periods  of  3  to 
10  months,  stenosis  recurred  in  two  iliac  arteries  (necessitating  surgery) 
and  in  one  femoral  artery,  which  was  successfully  redilated. 

Another  team  enployed  transluminal  angioplasty  in  10  patients  to 
restore  normal  bloodflow  in  autogenous  vein  grafts  previously  inserted  to 
bypass  ctostructions  in  arteries  of  the  lower  limbs,  but  which  had  themselves 
developed  stenoses  6  to  28  months  after  surgery.  Eleven  of  12  lesions  were 
dilated  successfully,  with  restoration  of  strong  pedal  pulses  in  8  patients 
and  improvement  in  2  others.  In  one  patient,  only  partial  dilation  could 
be  achieved  and  he  subsequently  required  reoperation.  In  another,  some 
restenosis  occurred  2  months  after  dilation,  though  the  graft  remained 
open.  In  the  other  patients,  all  grafts  remained  patent  and  the  patients 
had  remained  synptom  free  over  followup  periods  of  1  to  7  months. 

Secondary  hypertension  often  stems  from  obstructions  in  the  renal 
arteries  supplying  blood  to  the  kidneys.  Such  obstrxictions  may  produce 
elevated  blood  pressure  by  excessive  stimulation  of  the  renin-angiotensin- 
aldosterone  system.  Often,  surgical  relief  of  partial  arterial  obstructions 
of  this  sort  has  restored  normal  kidney  function  and  also  corrected  the 
associated  hypertension.  Previously,  however,  if  renal  artery  obstruction 
appeared  to  be  total  and  the  affected  kidney  nonfunctional,  the  usual 
approach  was  to  remove  the  affected  kidney. 
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However,  results  frcm  a  recently  reported  study  indicate  that  even 
seaningly  hopeless  kidney  dysfunction  (as  gauged  by  conventional  renal 
function  tests)  may  be  correctible  by  restoration  of  normal  renal  bloodflow. 
It  appears  that,  if  the  renal  artery  occlusion  develops  gradually,  a 
collateral  circulation  to  the  blood-deprived  kidney  may  develop  frorn  such 
vessels  as  the  periureteral,  peripelvic,  and/or  adrenal  arteries.  This 
may  be  sufficient  to  keep  tlie  kidney  viaible  even  when  it  remains 
nonfunctional. 

Employing  endarterectomy  or  various  bypass  procedures,  the  investigators 
restored  renal  bloodflow  to  kidneys  rendered  nonfunctional  by  renal  artery 
obstructions  in  15  patients.  In  10,  the  viability  of  the  ischemic  kidneys 
was  established  by  biopsies  obtained  at  operation.  Renal  bloodflow  was 
restored  in  all  patients,  with  recovery  of  good  renal  function  in  13.  At 
operation,  all  patients  had  renovascular  hypertension,  which  was  cured  in 
10  patients  and  improved  in  the  other  5,  including  the  2  whose  kidney 
function  was  not  restored  by  the  operation. 

Direct  current  cardioversion  plus  the  availability  of  an  increasing 
variety  of  antiarrhythmic  drugs  have  made  the  termination  of  most  cardiac 
arrhythmias  a  relatively  simple  matter,  but  preventing  their  recurrence 
may  pose  greater  difficulties.  Continuous  antiarrhythmic  drug  protection 
is  often  conplicated  by  adverse  side  effects  or  problems  of  patient 
conpliance,  whereas  repeated  hospitalizations  for  intensive  drug  therapy 
or  cardioversion  are  both  expensive  and  inconvenient. 

NHLBI  grantees  report  that  intermittent  use  of  an  antiarrhythic  drug 
"cocktail,"  v^ich  the  patient  takes  only  at  onset  of  the  arrhythmia,  is 
often  effective  in  controlling  recurrent  episodes  of  atrial  fibrillation 
or  flutter  and  ventricular  tachycardia. 

Ihe  drug  "cocktail"  was  individualized  for  each  patient  during 
hospitalization  for  an  arrhythmia  episode.  For  atrial  arrhythmias  it 
usually  contained  digoxin,  quinidine,  disopyramide ,  propranolol,  or 
various  combinations  of  these  agents.  For  ventricular  arrhythmias  it 
contained  quinidine,  quinidine  plus  propranolol,  or  procainamide.  Each 
cocktail  also  included  a  mild  sedative.  Ihe  patient's  response  to  the 
selected  medications  and  dosages  was  carefully  evaluated  while  he  was 
still  in  the  hospital,  and  before  discharge  he  was  also  instructed  in 
carotid  sinus  massage  and  Valsalva  maneuver,  v\^ich  sonetimes  terminate 
such  arrhythmias  without  medication. 

The  investigators  judged  the  new  approach  effective  in  24  of  32 
patients.  Even  in  those  v^o  subsequently  proved  to  need  continuous  drug 
protection  because  of  frequent  recurrences,  the  cocktail  was  helpful  in 
the  treatment  of  breakthrough  episodes.  The  investigators  conclude  that 
such  intermittent  drug  therapy  offers  a  safe,  effective,  and  less  costly 
approach  to  the  management  of  episodic  arrhythmias. 

Ventricular  aneurysms,  which  may  develop  in  the  wake  of  acute  heart 
attacks,  are  sonetimes  a  source  of  recurrent  and  dangerous  arrhythmias — 
chiefly  ventricular  tachycardias — that  are  often  resistant  to  drug  therapy. 
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Surgical  excision  of  the  aneurysms  sonetimes  cures  these  arrhythmias  or 
reduces  requirements  for  antiarrhythmic  drugs;  but,  because  the  spot  of 
electrically  irritable  tissue  responsible  for  the  arrhythmia  may  lie 
adjacent  to  the  aneurysm  rather  than  in  it,  such  surgery  is  successful 

only  about  half  the  time.  More  extensive  resection  may  catch  the  irritable 
spot,  but  at  the  expense  of  functional  heart  muscle. 

NHLBI  grantees  sought  to  identify  and  exise  these  irritable  sites  in 
31  surgical  patients.  They  recorded  electrocardiograms  at  50  to  90  spots 
on  the  heart  surface  after  inducing  rapid  ventricular  rates  by  programmed 
electrical  stimulation.  Ihe  spot  of  earliest  depolarization  indicated 
the  irritable  site,  which  was  excised  completely  in  27  patients  but  could 
be  only  partially  excised  in  three  others.  The  aneurysms  were  also 
excised  in  27  patients  and  coronary  bypass  grafts  placed  in  21.  There 
were  two  operative  deaths  and  three  late  deaths. 

Of  the  25  survivors  followed  for  periods  up  to  28  months,  none  has 
experienced  recurrent  arrhythmias,  though  the  three  whose  trouble  spots 
were  incompletely  excised  have  required  antiarrhythmic  drugs. 

A  team  of  British  scientists  have  employed  a  similar  approach, 
abetted  by  a  technique  called  cryothermal  mapping,  to  identify  and  destroy 
by  freezing  sites  of  electrical  irritability  and  reentrant  pathways  in  12 
patients  with  arrhythmias  that  had  proved  resistant  to  drug  therapy. 

Cryothermal  mapping  was  usually  employed  when  the  trouble  site  had 
been  tentatively  identified  by  electrographic  mapping.  In  several 
patients,  however,  cryothermal  mapping  identified  these  sites  when  electro- 
graphic  moping  had  failed.  It  entailed  using  a  cryoprobe  to  reduce  the 
temperature  of  the  suspected  trouble  site  to  between  0°C  and  -10 °C  for 
15  to  30  seconds.  This  produced  temporary  electrical  inactivation  of 
the  irritable  tissues  without  inflicting  permanent  damage  and  thus  permitted 
assessment  of  the  effects  on  the  arrhythmia  of  taking  out  that  site 
before  irrevocable  measures  were  taken.   If  temporary  inactivation  of  the 
site  terminated  the  arrhythmia,  the  site  was  permanently  ablated  by 
cooling  it  to  -65°C  for  2  minutes. 

Though  the  procedure  was  not  completely  successful  in  three  patients, 
the  other  nine  experienced  no  recurrence  of  their  arrhythmia  during  4  to  20 
months  of  followup. 

In  patients  with  obstructive  hypertrophic  card ionyopa thy,  surgery  may 
be  employed  to  relieve  severe  obstruction  to  left  ventricular  outflow 
that  does  not  respond  adequately  to  medication,  though  most  patients  with 
this  condition  can  be  managed  successfully  with  drugs.  Recently,  however, 
NHLBI  scientists  reported  results  of  surgery  in  12  patients  v^o  ordinarily 
would  not  have  been  considered  surgical  candidates,  since  the  condition 
either  had  caused  minimal  impairment  or  else  appeared  to  be  well  controlled 
by  drug  therapy.  What  made  these  patients  different  was  that  all  had 
experienced  ventricular  fibrillation  or  cardiac  arrest  and  had  survived 
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these  potentially  lethal  episodes  only  because  they  were  witnessed  by 
bystanders  who  administered  cardiopulrranary  resuscitation. 

Patients  with  obstructive  cardiomyopathy  are  at  increased  risk  of 
sudden  cardiac  death,  with  ventricular  arrhythmias  believed  to  be  the 
precipitating  event  in  most  instances.  Agents  employed  in  the  medical 
management  of  the  condition — usually  propranolol  and,  recently,  the 
investigational  drug  verapamil — have  antiarrhythmic  properties,  but 
experience  suggests  that  their  protection  may  not  always  be  adequate. 
Noting  significant  degrees  of  outflow  obstruction  in  these  12  patients 
and  in  view  of  their  harrowing  experience  with  malignant  arrhythmias,  the 
NHLBI  scientists  reasoned  that  surgical  relief  of  the  obstruction,  with 
consequent  reduction  of  the  load  on  the  left  ventricle,  might  improve  the 
electrical  stability  of  the  heart  and,  together  with  maintenance  therapy 
with  antiarrhythmic  drugs,  confer  adequate  protection  against  sudden 
cardiac  death. 

Among  these  patients  there  was  one  operative  death  and  another  patient 
died  suddenly  9  months  after  operation.  Perhaps  significantly,  this  was 
a  patient  in  v^om  operation  did  not  provide  effective  relief  of  the 
outflow  obstruction.  Autopsy  also  revealed  that  he  had  not  taken  the 
prescribed  antiarrhythmic  medication  for  at  least  8  hours  before  his 
death.  The  other  patients  have  remained  well  for  periods  up  to  6  years 
after  surgery. 

NHLBI  grantees  have  employed  a  permanently  implanted  radiofrequency 
pacemaker  to  control  drug-resistant  ventricular  tachycardia  in  three 
patients.  Activated  briefly  by  the  patient  v^enever  episodes  of  tachycardia 
occur,  the  pacemaker  delivers  short  bursts  of  pacing  pulses  to  the  apex 
of  the  right  ventricle  at  rates  substantially  higher  than  those  produced 
by  the  arrhythmia  itself.  Paradoxically,  this  burst  of  impulses  slows 
the  heart,  apparently  by  prolonging  the  refractory  period  of  conduction 
tissues  enough  for  the  heart's  own  pacemaker  to  regain  control  of  heartbeat. 

Before  the  pacemakers  were  implanted,  each  patient  underwent  detailed 
evaluation,  including  trials  of  a  variety  of  approved  antiarrhythmic 
drugs  and  several  still- investigational  ones,  none  of  v^ich  controlled 
the  arryhthmia.  After  implantation,  the  devices  were  tested  against 
spontaneously  occurring  or  induced  tachycardia  more  than  100  times  in 
each  patient  to  insure  that  the  bursts  of  pacing  pulses  did  not  cause 
acceleration  of  the  tachycardia  or  induce  ventricular  fibrillation.  In 
every  instance  the  device  terminated  the  episode  without  conplications. 

Over  an  average  of  13.7  months  since  implantation  of  the  devices,  no 
patient  required  hospitalization  for  an  arrhythmia-related  problem  (though 
one  patient  subsequently  died  of  lung  cancer) .  EXjring  that  period  the 
devices  successfully  terminated  129  episodes  of  ventricular  tachycardia. 
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Currently  undergoing  limited  clinical  trials  at  Johns  Hopkins  is  an 
iraplantable  automatic  defibrillator  designed  to  protect  patients  at  high 
risk  of  sudden  cardiac  death  frcm  recurrent  malignant  ventricular  arrhythmias. 
The  device  monitors  heart  electrical  activity  and  is  programmed  to  recognize 
ventricular  fibrillation  and  tachyarrhythmias,  v^ereupon  it  delivers  one 
or  more  electrical  shocks  to  the  heart  to  restore  normal  heart  rhythm. 

The  device  is  about  the  size  of  a  package  of  cigarettes  and  is  powered 
by  lithium  batteries  with  a  projected  life  of  3  years  or  100  shocks.  At 
the  time  of  the  NHLBI  grantees'  report,  the  device  had  been  installed  in 
six  patients,  in  whan  it  had  successfully  corrected  nine  episodes  of 
life- threatening  arrhythmias. 

Intensive  coronary  care  units  have  dramatically  reduced  deaths  due  to 
arrhythmias  among  hospitalized  heart-attack  patients.  However  they  have 
enjoyed  less  success  in  dealing  with  pump  dysfunction,  usually  stemming 
frcm  heavy  heart  muscle  damage  sustained  during  the  attack  and  often 
manifested  by  severe  left  ventricular  failure  or  cardiogenic  shock. 

Various  forms  of  circulatory  assistance  have  been  employed  in  attempts 
to  avert  or  cope  with  such  circulatory  crises.  The  aim  has  been  to  reduce 
the  workload  (and  hence  the  oxygen  needs)  of  the  damaged  heart  while 
simultaneously  improving  its  blood  sipply  and  maintaining  adequate  perfusion 
of  other  organs  and  tissues. 

One  such  technique  employs  a  balloon- tipped  catheter  that  is  introduced 
into  the  descending  aorta  via  the  fonoral  artery.  Subsequently  the 
balloon  is  inflated  and  deflated  in  synchrony  with  heartbeat.  Inflated 
as  the  left  ventricle  relaxes  and  refills  between  contractions,  the 
balloon  increases  arterial  pressure  during  diastole  and  so  augments 
coronary  perfusion.  Deflated  as  the  left  ventricle  contracts,  the  device 
reduces  the  pressure  against  v^ich  the  ventricle  must  work  in  pumping 
blood.  Experimental  and  clinical  evidence  indicates  that  the  reduced 
cardiac  workload  and  improved  coronary  perfusion  afforded  by  intra-aortic 
balloon  pumping  may  salvage  portions  of  heart  muscle  threatened,  but  not 
yet  irreversibly  damaged  by  blood  deprivation.  Though  the  technique  has 
not  been  notably  successful  in  reducing  mortality  among  patients  already 
far  gone  in  heart  failure  or  shock  v^en  balloon  pumping  was  initiated, 
some  investigators  feel  that  earlier  use  of  the  technique,  before  the 
onset  of  severe  cardiac  dysfunction,  could  often  avert  circulatory 
calamities  and  save  many  lives. 

But  balloon  pumping  carries  certain  risks  of  its  own.  In  a  necropsy 
study  among  45  patients  who  had  died  after  undergoing  the  procedure, 
NHLBI  pathologists  noted  a  total  of  20  complications  in  16  of  these 
patients.  Most  conplications  were  caused  by  insertion  of  the  device 
rather  than  by  its  being  in  plac?  and  included  dissection  of  the  aorta 
and/or  its  distal  branches,  arterial  clots  or  emboli,  arterial  perforation, 
limb  ischemia,  ary3  wound  infection  at  the  site  of  insertion.  Complications 
of  balloon  pumping  have  been  estimated  to  occur  in  fewer  than  20  percent  of 
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patients  \^o  undergo  the  procedure;  however,  noting  that  most  of  the 
conplications  observed  at  necropsy  had  been  unsuspected  or  undiagnosed  at 
the  time,  the  investigators  opine  that  clinical  evaluations  of  these 
complications  probably  underestimate  their  frequency. 

Despite  a  recent  wave  of  enthusiasm  for  blood-vessel  dilators  in  the 
managanent  of  congestive  heart  failure  (niore  on  this  later),  conventional 
treatment  continues  to  rely  heavily  on  augmenting  the  flagging  contractility 
of  the  failing  heart  with  cardiac  stimulants,  such  as  digitalis  or 
catecholamines  together  with  diuretics  to  counter  the  fluid  retention 
that  often  acconpanies  the  disorder.  The  usefulness  of  conventional 
cardiac  stimulants  may  be  limited  because  of  restricted  modes  of 
administration. (catecholamines,  for  example,  are  effective  only  when 
given  intravenously)  or  because  of  toxic  side  effects  that  often  occur 
with  larger  doses.  The  latter  include  rapid  heart  rates,  arrhythmias, 
and  undesirable  increases  or  decreases  in  arterial  blood  pressure. 

A  promising  new  cardiac  stimulant,  amrinone,  appears  singularly  free 
of  such  adverse  effects.  Limited  clinical  experience  indicates  that  it 
produces  substantial  increases  in  contractility  and  cardiac  output,  but 
neither  increases  heart  rates  nor  provokes  arrhythmias,  has  only  minor 
effects  on  systemic  blood  pressure,  and  in  general  exhibits  very  low 
toxicity. 

In  a  recently  reported  study,  amrinone  was  administered  intravenously 
to  eight  patients  whose  heart  failure  had  not  been  adequately  controlled 
by  digitalis  and  diuretics  (though  all  were  continued  on  this  regimen 
during  the  study).  Amrinone  produced  sustained  increases  in  heart  output, 
reduced  left  ventricular  filling  pressure,  and  caused  more  pronounced 
shortening  of  circumferential  heart  muscle  fibers.  That  these  increases 
in  contractility  occurred  in  fully  digitalized  patients  indicated  that 
amrinone  was  summoning  up  residual  contractile  resen/e  even  in  severely 
failing  hearts. 

The  infusion  period  was  limited  to  180  minutes  in  this  study,  but 
there  was  no  evidence  of  any  decrease  in  responsiveness  to  the  agent,  no 
arrhythmias  occurred,  heart  rate  and  mean  arterial  pressure  did  not  change 
significantly,  and  no  toxic  side  effects  were  noted,  even  at  doses  as  high 
as  3  mg.  per  kilo  of  body  weight. 

Though  given  intravenously  in  this  study,  ainrinone  is  also  effective 
v^en  given  orally,  which  may  make  it  an  effective  adjunct  to  or  substitute 
for  digitalis  in  the  long-term  management  of  congestive  heart  failure — a 
prospect  being  investigated  by  studies  in  progress.  The  mode  of  action 
of  amrinone  is  not  yet  known,  though  it  apparently  does  not  involve  the 
same  biochemical  systems  as  are  thought  to  mediate  the  effects  of  digitalis 
or  catecholamines. 

Other  pharmacological  approaches  to  congestive  heart  failure  have 
emphasized  reducing  the  workload  of  the  heart  rather  than  pushing  it  to 
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greater  efforts  with  cardiac  stimulants.  Agents  investigated  have  included 
venodilators,  v^ich  reduce  left  ventricular  filling  pressure  (preload) 
and  also  help  relieve  pulmonary  congestion;  arteriolar  dilators,  v^ich  reduce 
the  pressure  against  v^ich  the  left  ventricle  must  work  in  pumping  blood 
(afterload) ;  "balanced"  vasodilators,  v^ich  dilate  both  veins  and  arterioles 
and  so  decrease  both  preload  and  afterload;  and  inhibitors  of  the  renin- 
angiotensin  system,  v^ich  is  thought  to  contribute  to  the  increased 
vascular  resistance  frequently  seen  in  congestive  heart  failure. 

Earlier  clinical  studies  with  potent,  short-acting  vasodilators,  such 
as  nitroprusside — usually  given  by  continuous  IV  drip  in  hospitalized  patients 
with  severe,  intractable  heart  failure — showed  that  such  agents  could  often 
avert  circulatory  collapse  and  stablilize  these  patients  sufficiently  so 
that  treatment  with  more  conventional  drugs  could  be  resumed  on  an  outpatient 
basis. 

More  recent  studies  have  centered  on  longer-acting  vasodilators,  suitable 
for  oral  use  by  ambulatory  patients,  in  the  long-term  management  of  milder 
degrees  of  chronic  heart  failure. 

Two  recently  reported  studies  dealt  with  prazosin,  a  drug  already  in 
clinical  use  against  hypertension,  and  a  newer,  chanically  related  drug, 
trimazosin. 

Prazosin  was  compared  with  a  placebo  in  a  2-month  trial  among  22  patients 
with  severe  congestive  heart  failure.  The  prazosin- treated  group  experienced 
subjective  clinical  irrprovenent  and  also  exhibited  significantly  better  cardiac 
function  and  exercise  tolerance  than  did  the  placebo  group.  Ihe  beneficial 
effects  of  prazosin  were  more  pronounced  during  exercise  than  at  rest. 
As  drug  treatment  continued,  there  was  sane  attenuation  of  the  beneficial 
effects  of  prazosin,  possibly  because  of  a  gradual  increase  in  the  activity 
of  the  reninar^iotensin  systan  and  an  increase  in  sodium  and  fluid  retention. 
Even  so,  however,  the  cardiac  status  of  these  patients  after  2  months  was 
still  substantially  better  than  it  had  been  before  drug  treatment. 

Trimazosin  was  conpared  with  a  placebo  among  23  patients  with  chronic, 
stable  heart  failure  of  varying  degrees  of  severity  to  assess  the  longterm 
effects  of  the  drug  on  exercise  tolerance.  The  drug-treated  patients  were 
followed  for  periods  up  to  52  weeks.  Sustained  improvement  in  exercise 
capacity  and  oxygen  uptake  occurred  in  all  patients  with  milder  degrees 
of  cardiac  failure  and  in  six  of  nine  with  severe  failure.  There  appeared 
to  be  little  attenuation  of  the  drug's  beneficial  effects  on  exercise  tolerance. 
However,  if  drug  tolerance  did  develop,  it  may  well  have  been  masked  to  sane 
extent  in  these  patients  because,  by  permitting  them  greater  physical  activity, 
drug  therapy  may  have  contributed  to  a  generally  higher  state  of  physical 
conditioning. 

The  reduced  heart  output  often  associated  with  congestive  heart  failure 
may  provide  the  stimulus  for  increased  release  of  renin  by  the  kidneys. 
In  the  blood,  renin  acts  on  a  plasma  protein  to  generate  angiotensin  I,  a 
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relatively  inactive  peptide.  However,  as  it  traverses  the  pulmonary  blood 
vessels,  angiotensin  I  is  acted  upon  by  a  converting  enzyme  to  generate 
angiotensin  II.  This  powerful  blood  vessel  constrictor  may  contribute 
importantly  to  the  increased  vascular  resistance  which  is  common  in 
congestive  heart  failure  and  \^^ich  can  impose  further  burdens  on  an 
already  overtaxed  heart. 

Captopril,  an  agent  that  Impedes  angiotensin  II  production  by  inhibiting 
the  coverting  enzyme  that  generates  it  from   angiotensin  I,  had  previously 
been  shown  to  reduce  blood  pressure  in  hypertension,  especially  of  the 
"high  renin"  variety.  In  the  recently  reported  studies,  investigators 
evaluated  captopril  in  patients  with  congestive  heart  failure,  some  of 
whan  has  not  responded  well  to  therapy  with  other  vasodilators.  In  all 
patients,  captopril  improved  left  ventricular  function  and  increased  heart 
output,  viiich  resulted  in  clinical  improvement  and  increased  exercise 
tolerance.  In  patients  placed  on  maintenance  therapy  with  captopril,  the 
drug's  beneficial  effects  persisted  over  followup  periods  ranging  from  2 
to  7  months,  during  v^ich  there  was  no  evidence  of  diminished  responsiveness 
to  the  agent.  Ihe  investigators  concluded  that  captopril  may  be  a  useful 
addition  to  the  armamentarium  for  the  long-term  management  of  congestive 
heart  failure.  It  may  be   especially  useful  in  canbination  with  certain 
other  vasodilators  whose  long-term  effectiveness  might  otherwise  be 
blunted  by  their  stimulation  of  the  renin-angiotensin  system,  though  this 
remains  to  be  demonstrated. 

The  Reis-Hancock  prosthetic  heart  valve  of  animal  origin  (the  pig) 
has  been  highly  satisfactory  for  replacenent  of  diseased  aortic,  tricuspid 
and  mitral  valves.  Mitral  replacement  seems  to  be  the  more  successful 
than  aortic  replacement  probably  due  to  different  blood  pressures  on  the 
valves.  Ihe  Hancock  valve  ccsonbines  good  performance  characteristics 
with  exceptionally  low  risk  of  clots  or  emboli,  thus  obviating  the  need 
for  anticoagulants  postoperatively.  Ihe  unanswered  questions  about  this 
valve,  as  with  bioprosthetic  valves  in  general,  had  concerned  its  durability. 

It  would  apppear  from  various  studies  that  the  useful  life  of  the 
prosthetic  valve  is  typically  between  5  and  8  years  and  in  many  patients, 
especially  children,  it  may  be  much  shorter.  Calcification  appears  to 
develop  more  frequently  and  at  an  earlier  stage  after  insertion  in  children 
than  in  adults. 

Examination  of  failed  valves  revealed  calcification  or  disruption  of 
the  valve  leaflets.  Microscopic  examination  showed  degeneration  of  their 
collagen  fibrils,  calcification  and  infiltration  by  lipid  and  fibrinoid 
substances. 

An  NHLBI  grantee  working  on  a  phonocardiographic  technique  for  the 
early  detection  of  aortic  valvular  stenosis  found  that  by  analyzing  the 
A2  (second  heart  sound)  the  cardiologist  may  get  an  early  indication  of 
increased  stiffness  of  the  aortic  valve  leaflets  of  the  prosthetic  valve. 
The  study  showed  that  the  A2  in  the  normal  aortic  valve  was  53+3  hertz, 
but  was  substantially  higher  (87+5  hertz)  in  those  with  calcific  aortic 
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stenosis.  Patients  with  an  aortic  Hancock  valve  inplanted  for  less  than 
18  nonths  had  an  A2  frequency  equivalent  to  those  with  normal  valves. 
However,  patients  with  valves  in  place  5  years  or  longer  had  frequencies 
within  the  range  of  patients  with  calcific  aortic  stenosis. 

Several  patients  in  this  series  required  replacement  of  their  inplanted 
Reis-Hancock  valve  because  of  valve  failure.  All  had  exhibited  the  higher 
frequency  ranges  indicative  of  aortic  stenosis. 

A  recent  NHLBI-supported  study  may  provide  a  clue  to  why  pig  valves 
fail  so  often  and  so  early  in  younger  subjects.  Over  a  5-year  period, 
the  investigators  implanted  47  of  these  valves  in  44  patients  under  20 
years  of  age.  Eight  of  the  valves  failed,  beginning  22  months  after 
iiiplantation,  and  had  to  be  replaced.  All  showed  calcification,  and  in 
most  it  was  the  primary  cause  of  valve  failure.  Although  the  nunbers 
were  small,  the  site  of  inplantation — ^v^^ether  in  the  aortic,  mitral,  or 
tricuspid  positions — seemed  to  have  little  bearing  on  whether  the  inplant 
subsequently  became  calcified. 

The  investigators  noted  that  calcified  valves  contained  unusually 
high  levels  of  protein-bound  gamma-carboxyglutamic  acid,  an  amino  acid 
with  a  high  affinity  for  calcium.  Ihe  amino  acid  was  not  found  in 
untreated  porcine  valves  nor  in  "cured"  prostheses  prior  to  inplantation . 
Apparently,  gamaina-carboxyglutamic  acid  was  deposited  into  the  valve  after 
iiTplantation  and  may  have  been  followed  by  movement  of  calcium  into  the 
valve  leaflets.  Suspected  as  the  carriers  of  the  amino  acid  are  macrophages, 
"scavenger  cells"  that  are  usually  attracted  in  large  numbers  to  sites  of 
infection,  inflammation,  or  wherever  "foreign"  substances  have  gained 
access  to  the  body.  Why  gamma-carboxyglutamic  is  apparently  deposited 
more  rapidly  in  younger  valve  recipients  than  in  older  ones  is  not  yet 
clear. 

Gamma-carboxyglutamic  acid  requires  vitamin  K  as  a  cofactor  in  its 
synthesis,  as  do  several  blood  clotting  factors.  This  suggests  that 
vitamin  K  antagonists,  such  as  coumadin-type  anticoagulants,  might  be  of 
value  in  preventing  premature  calcification  of  implants  in  younger 
subjects.  Ironically,  however,  the  principal  reason  for  choosing  the  pig 
valve  over  other  prostheses  has  been  that  the  pig  valve  was  much  less 
likely  to  cause  thromboembolic  problems  and  rarely  required  postoperative 
anticoagulation. 

For  some  patients  with  hopelessly  damaged  hearts,  heart  transplantation 
may  offer  a  therapy  of  last  resort.  Ideally,  the  candidate  for  this 
procedure  should  be  less  than  50-years  old;  he  should  not  have  pulmonary 
hypertension,  unresolved  pulmonary  blood  clots,  or  pulmonary  infarction; 
he  should  be  free  of  any  serious  infection;  and  he  should  not  have 
insulindependent  diabetes. 

Better  criteria  for  selecting  patients  most  likely  to  benefit  from 
heart  transplantation,  improved  techniques  for  early  detection  of  rejection 
episodes  and  for  monitoring  immunosuppressive  therapy,  early  and  aggressive 


OD-19 


diagnosis  and  treatinent  of  infections,  and  careful  control  of  diet  and  use 
of  drugs  designed  to  diminish  the  high  vulnerability  of  the  transplant  to 
accelerated  coronary  arteriosclerosis:  all  of  these  have  contributed  to 
the  success  of  the  heart  transplantation  program  at  Stanford. 

Currently,  65  percent  of  transplant  recipients  of  Stanford  survive  for 
a  year  or  more,  with  about  50  percent  surviving  for  5  years  or  more.  The 
great  majority  of  long-term  survivors  are  restored  to  normal  cardiac 
functional  status  by  their  transplants  and,  if  they  wish,  can  resume 
their  previous  occupations. 

The  intensive  steroid  therapy  sometimes  required  to  protect  the  transplant 
against  rejection  also  reduces  the  patient's  resistance  to  infections,  currentl},; 
the  main  hazard  to  survival.  Although  the  frequency  of  both  rejection  episodes 
and  infections  usually  diminishes  markedly  after  the  first  postoperative  year, 
morbidity  and  mortality  associated  with  chronic  immunosuppression  remains 
a  significant  problem. 

A  new  immunosuppressive  agent  called  cyclosporin  A  may  help  to  alleviate 
some  of  these  difficulties.  Produced  by  a  fungus  called  Trichoderma  polysporum^ 
cyclosporin  A  was  initially  screened  for  antibacterial  action,  which  it  lacked; 
but  it  did  exhibit  an  immunosuppressive  action  apparently  more  specific  than 
that  of  steroids.  Evidence  suggests  that  cyclosporin  A  attacks  primarily 
"activated"  lymnphocytes  (T-cells) — usually  the  "shock  troops"  in  the  assault 
on  the  graft  during  rejection  episodes — ^whereas  steroids  go  at  various  elements 
of  the  immunological  system  more  or  less  indiscriminately.  Steroids  may  also 
produce  profound,  sometimes  troublesome  effects  on  fluid  and  electrolyte  balance 
or  on  other  aspects  of  metabolism. 

Cyclosporin  A  also  has  side  effects.  These  include  kidney  toxicity  and, 
and,  probably,  an  increase  in  treated  patients'  risk  of  malignant  lynphcma 
(which  also  occurs  with  steroid  therapy  but  apparently  less  often) .  As  a 
result,  though  cyclosporin  A  has  been  the  only  immunosuppressive  agent 
used  in  a  few  studies,  most  investigators  feel  that  it  is  best  used  in 
conjunction  with  steroids,  thereby  reducing  dosage  requirements  for  each 
agent . 

Cyclosporin  A,  with  or  without  steroids,  has  been  undergoing  clinical 
testing  in  conjunction  with  kidney,  liver,  and  bone  marrow  transplants-with 
generally  promising  results.  It  has  not  been  tried  clinically  in  heart 
transplant  recipients;  but  the  Stanford  group  plans  to  test  the  drug  in 
conjunction  with  steroids  to  see  if  the  contoination  will  help  eliminate  the 
"steroid  backlash"  that  has  been  a  persistent  prctolem  in  this  and  other 
organ  transplantation  programs. 

Patients  admitted  to  the  Stanford  transplantation  program  but  awaiting 
donor  hearts  have  a  life  expectancy  without  transplantation  of  only  a  few 
months.  Some  have  succuntoed  before  donor  hearts  could  be  obtained  in 
the  immediate  area.  Accordingly,  Stanford  investigators  looked  into  the 
possibility  of  procuring  donor  hearts  from  mare  distant  locations,  especially 
large  urban  areas  where  noncardiac  deaths  from  accidents  and  the  like 
are  relatively  frequent.  They  also  sought  sinple  but  effective  means  for 
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harvesting  and  preserving  those  hearts  to  sustain  their  viability  and 
function  during  shipment  from  donor  to  prospective  recipient. 

Between  June  1977  and  November  1979,  34  donor  hearts,  transported 
to  Stanford  from  as  far  as  900  km  away,  were  implanted  in  patients. 
Survival  among  these  recipients  (63  +  8%)  did  not  differ  significantly 
from  that  of  patients  receiving  donor  hearts  obtained  locally. 

Distantly  procured  hearts  were  harvested  after  inducing  cardioplegia 
with  infusions  of  a  cold  (4°C)  solution  containing  electrolytes,  dextrose, 
and  mannitol.  Ihe  hearts  were  then  placed  in  sterile  plastic  bags  and 
immersed  in  a  sterile  cannister  filled  with  saline.  Ihe  cannisters  were 
packed  in  ice  for  transportation  to  Stanford,  where  the  hearts  were 
implanted  as  soon  as  possible  after  arrival.  The  distantly  procured 
hearts  were  bloodless  for  periods  of  113  to  192  minutes,  versus  39  to  75 
minutes  for  hearts  obtained  locally. 

The  investigators  cotpared  ultrastructural  changes  in  biopsy  specimens 
obtained  before  and  after  reperfusion  in  distantly  obtained  versus  locally 
obtained  hearts.  The  former  showed  more  profound  alterations  in  cell 
nuclei,  mitochondria,  endothelium,  and  muscle  fibers,  as  might  be  expected 
from  their  longer  periods  of  blood  deprivation.  However,  the  hearts 
functioned  normally  after  implantation  and,  postoperatively,  the  recipients 
fared  just  as  well  as  did  recipients  of  hearts  obtained  locally.  Biopsies 
obtained  after  1  year  showed  that  the  earlier  ultrastructural  differences 
between  distantly  obtained  and  locally  obtained  hearts  were  no  longer 
discernible. 

From  time  to  time,  lung  transplants  have  been  attempted  in  patients 
moribund  from  advanced  lung  disease.  The  results  have  been  disappointing: 
the  longest  survivor  (one  patient)  lasted  only  10  months,  and  most  recipients 
succumbed  within  hours  to  days  of  receiving  their  transplants. 

However,  the  results  of  animal  studies  at  Stanford  raise  the  possibility 
that  combined  transplantation  of  the  heart  and  both  lungs  may  become 
clinically  feasible  in  the  near  future.  If  so,  the  perfected  procedure 
might  find  application  in  patients  suffering  from  advanced  bilateral  lung 
disease,  with  or  without  heart  failure,  or  in  patients  with  primary  heart 
disease  complicated  by  secondary  pulmonary  vascular  problems,  as  occurs 
with  some  kinds  of  congenital  defects  of  the  heart  and  great  vessels. 

The  investigators  performed  the  combined  procedure,  enploying  two 
different  operative  techniques,  in  27  monkeys.  Some  of  the  animals  received 
autografts — that  is,  their  own  heart  and  lungs  were  removed,  then 
reimplanted — whereas  others  received  allografts:  hearts  and  lungs  from 
unrelated  donor  animals. 

In  17  animals,  the  tranplantation  procedure  was  done  under  deep  hypo- 
thermia and  circulatory  arrest.  Allograft  recipients  received  no  immuno- 
suppressive therapy  post  operatively.  Only  one  animal — an  autograft 
recipient — was  a  long-term  survivor;  all  allograft  recipients  died  within 
5  days. 
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In  10  other  animals  the  procedure  was  done  with  heart-lung  bypass. 
All  allograft  recipients  were  subsequently  treated  with  immunosuppressive 
agents:  azothioprine  (for  the  first  14  days  only)  and  Cyclosporin  A 
(begun  at  higher  doses  and  then  gradually  reduced  to  daily  "maintenance 
doses"  that  were  continued  indefinitely). 

Collectively,  these  animals  fared  much  better  than  did  those  receiving 
their  transplants  under  hypothermia  and  circulatory  arrest.  With  heart- 
lung  bypass,  all  autograft  recipients  were  long-term  survivors  as  were 
three  of  seven  allograft  recipients.  Of  the  latter,  one  succumbed  after 
144  days  to  lyrrphoma,  whereas  the  other  two  were  still  alive  and  well  at 
the  time  of  the  grantees'  report  (276  and  311  days  after  surgery,  respectively). 
At  that  time,  there  was  only  minimal  evidence  of  rejection  episodes  and 
there  had  been  no  significant  problems  with  infection. 

The  investigators  noted  that  the  substantial  Stanford  experience  with 
heart  transplantation  and  its  associated  problems  is  probably  directly 
applicable  to  heart  plus  lung  transplants  as  well.  They  further  opined 
that  cyclosporin-A  may  prove  to  be  of  considerable  value  in  the  prevention 
and  control  of  rejection  problems. 

Lung  Diseases 

The  lung  damage  of  enphysema  is  thought  by  many  investigators  to  ensue 
from  local  infoalances  in  lung  between  enzymes  called  proteases,  which  are 
capable  of  attacking  the  collagen  and  elastin  of  lung  connective  tissue, 
and  antiproteases  that  normally  neutralize  them. 

The  source  of  these  proteases  are  various  species  of  white  blood 
cells,  particularly  neutrophils  and  alveolar  macrophages,  which  release 
these  potentially  lung-damaging  enzymes  in  the  course  of  their  encounters 
with  bacteria,  inhaled  particulate  matter,  and  other  "foreign"  invaders  of 
the  lung. 

Chief  among  the  protective  antiproteases  is  alpha-1-anti trypsin.  This 
antiprotease  is  mainly  effective  against  enzymes  that  attack  elastin,  the 
connective  tissue  coiiponent  thought  to  sustain  the  most  damage  in  enphysema. 
A  very  small  fraction  of  the  population  (about  1  in  1,500)  suffers  from  a 
severe,  genetically  determined  deficiency  of  alpha-1-anti trypsin,  with 
levels  only  about  one-ninth  normal  or  less.  Homozygous  individuals,  who 
inherited  the  defective  gene  from  both  parents,  are  highly  vulnerable  to 
enphysema,  which  usually  develops  earlier  and  progresses  more  rapidly 
in  these  subjects  than  in  those  who  do  not  have  the  genetic  trait  or 
else  are  heterozygous  for  it. 

Investigating  means  of  increasing  lung  protection  against  e,lastases 
in  homozygous  individuals,  NHLBI  investigators  found  that  4  grams  of 
concentrated  alpha-1-anti trypsin,  obtained  from  normal  plasma  and  administered 
intraveneously  once  a  week,  maintained  "protective"  levels  of  the  antiprotease 
(80  mg/dl  or  more)  over  the  4  weeks  of  the  study.  They  also  found  that 
oral  administration  of  danazol,  a  testosterone-like  drug  previously  used 
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chiefly  in  the  treataient  of  endometriosis,  raised  blood  levels  of  "native" 
alpha-l-antitrypsin  by  about  50  percent  in  hoitozygotes ,  but  not  to  levels 
believed  necessary  for  adequate  lung  protection. 

Otl-ier  research  has  indicated  that  the  amino  acid  methionine  occupies 
a  critical  position  in  the  active  site  of  the  alpha-l-antitrypsin  molecule. 
In  fact,  several  methionine  residues  appear  to  be  involved.  Oxidation  of 
one  or  two  methionine  residues  to  methionine  sulfoxide  abolishes  the 
enzyme's  inhibitory  activity  against  elastase  and,  with  oxidation  of 
additional  methionine  residues,  its  activity  against  trypsin  and  chymotrypsin 
is  lost  as  well.  The  extent  of  enzyme  inactivation  appears  to  be  proportional 
to  concentration  of  the  oxidant  and  the  duration  of  the  exposure. 

Agents  to  which  individuals  may  be  exposed  and  which  are  capable  of 
oxidizing  the  methionine  of  alpha-1-antrypsin  include  ozone  and  certain 
conponents  of  photochemical  smog  and  cigarette  smoke.  Thus,  reducing  the 
protection  of  the  lung  against  elastases  may  be  one  mechanism  by  which 
smoking  and  exposure  to  air  pollutants  increase  the  individual's  risk  of 
emphysema. 

There  has  long  been  abundant  evidence  concerning  the  harmful  effects 
of  smoking  on  the  heart  and  lungs  of  the  smoker  himself.  Until  recently, 
however,  involuntary  exposure  of  nonsmokers  to  the  smoke  of  others  had 
been  considered  more  a  nuisance  than  a  health  hazard.  But  studies  done 
during  recent  years  indicate  that  exposure  of  nonsmokers  to  antoient 
cigarette  smoke  results  in  significant  levels  of  nicotine  in  blood  and 
urine,  can  aggravate  synptoms  in  subjects  with  angina  or  peripheral 
vascular  disorders,  and  can  provoke  respiratory  syiiptoms  in  individuals 
highly  sensitive  to  various  irritants  in  cigarette  smoke.  Moreover,  young 
children  of  smoking  parents  appear  to  have  more  respiratory  conplaints 
than  do  children  of  nonsmoking  parents. 

Most  recently,  investigators  employed  spirometry  to  evaluate  function 
of  the  small  airways  of  the  lungs  in  1)  nonsmokers  not  exposed  to  cigarette 
smoke  on  the  job,  2)  nonsmokers  chronically  exposed  for  20  years  or  more 
to  the  smoke  of  co-workers,  and  3)  long-term  voluntary  smokers. 

As  expected,  nonsmokers  working  in  smoke-free  environments  scored 
highest  on  all  spirometric  tests  and  heavy  smokers  the  lowest.  A  disturbing 
finding  was  that  nonsmokers  chronically  exposed  on  the  job  to  the  smoke 
of  others  exhibited  significant  deterioration  of  small-airways  function 
as  a  result  of  that  exposure.  Their  spirometric  scores  indicated  at  least 
a  10  percent  decrease  in  functional  capacity  of  the  airways:  about  the 
same  as  that  of  smokers  v^o  do  not  inhale  or  those  who  consume  up  to  half  a 
pack  a  day  and  inhale  the  smoke. 

The  problem  of  the  nonsmoker  working  in  facilities  that  permit 
smoking  on  the  job  is  likely  to  grow  worse  rather  than  better,  for  indoor 
air  quality  could  deteriorate  further  as  concerns  over  energy  conservation 
place  stricter  limits  on  the  amount  or  quality  of  ventilation  provided 
in  the  workplace. 
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The  lung  contains  no  anticollagenese.  While  collagen  is  relatively 
inimune  to  most  proteases,  the  neutrcphil  produces  a  collagenase  capable  of 
attacking  type  I  collagen,  an  important  connective-tissue  conponent  of 
the  gas  exchange  units  (alveoli)  as  well  as  of  the  larger  airways  and 
blood  vessels  of  the  lung.  Formerly,  this  was  thought  to  be  the  only 
one  of  the  four  types  of  collagen  found  in  lung  tliat  was  vulnerable  to 
degradation  by  proteases.  But  I^LBI  studies  indicate  that  an  elastase 
produced  by  neutrophils,  though  showing  some  preference  for  elastin,  is 
also  capable  of  degrading  type  III  collagen,  which  is  found  in  the  same 
lung  structures  as  type  I,  but  is  only  half  as  abundant.  Thus  it  appears 
that  elastases,  thought  to  be  the  principal  perpetrators  of  lung  damage  in 
eiTphysema,  can,  unless  neutralized,  chew  up  two  of  the  main  connective- 
tissue  coirponents  of  the  lung  airways  and  alveoli. 

Other  NHLBI-supported  studies  are  investigating  synthetic  substances 
of  low  molecular  weight  that  exhibit  antielastase  activity.  One   promising 
group  of  inhibitors,  called  peptide  chloromethyl  ketones,  have  been  shown 
to  protect  laboratory  animals  against  the  lung  damage  that  usually  follows 
airway  instillation  of  elastases.  They  appear  most  effective  \^en 
incorporated  into  albumin  micropheres  that,  after  injection  into  the  blood, 
facilitate  the  accumulation  and  retention  of  the  inhibitors  in  lung. 

Another  study  showed  that  these  inhibitors  could  protect  the  animals' 
lungs  against  instilled  elastases  when  administered  orally,  but  only  if 
given  very  shortly  before  the  protease  challenge.  The  investigators 
suspect  that  the  protection  conferred  by  the  inhibitors  was  brief  because 
of  their  fairly  high  nonspecific  reactivity.  They  will  combine,  not  only 
with  elastase,  but  with  other  proteins  containing  sulfhydryl  (-SH)  groups. 
Thus  much  of  the  inhibitor  reaching  the  lungs  may  soon  become  bound  to 
connective  tissue  substrates  and  hence  unavailable  for  neutralization  of 
elastase. 

The  interstitial  lung  diseases  account  for  about  15  to  30  percent  of 
non-infectious  lung  conditions.  Ihey  are  characterized  by  inflammation  of 
the  lung  gas-exchange  units  (alveoli),  degradation  of  connective  tissue 
collagen,  progressive  distortion  of  alveolar-capillary  units,  and  formation 
of  nodules  (granulomas)  or  scar  tissue  in  affected  areas  of  the  lung. 
The  diseases  are  acconpanied  by  the  accumulation  in  lung  of  various 
species  of  inflammatory  and  immune  effector  cells,  which  are  thought  to 
be  mediators  in  the  ensuing  lung  damage. 

In  one  of  these  disorders,  sarcoidosis,  activation  of  the  cell-mediated 
immune  system  is  thought  to  be  involved  in  granuloma  formation  during  active 
stages  of  the  disease;  yet  skin  and  blood  tests  may  suggest  depression 
of  cellular  immunity.  For  example,  monocytes  are  believed  to  be  the 
chief  building  blocks  in  granuloma  formation;  yet  monocytes  in  peripheral 
blood  of  patients  with  sarcoidosis  may  exhibit  muted  response  to  antigens 
or  mitogens  that  usually  induce  vigorous  proliferation.  Similarly, 
T-lymphocytes  are  believed  to  be  key  participants  in  the  alveolitis  and 
granuloma  formation  of  sarcoidosis  formation;  yet  the  levels  of  these 
cells  in  the  peripheral  blood  of  sarcoidosis  patients  are  often  abnormally 
low. 
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However,  NHLBI  studies  indicated  that  in  sarcoidosis  the  immunological 
response  is  localized  at  sites  of  disease  activity,  so  that  peripheral 
blood  samples  may  provide  no  index  of  the  intensity  of  that  response  in 
affected  organs. 

The  investigators  examined  T-lyrnphocytes  in  peripheral  blood,  in  lung 
lavage  fluid,  and  in  bone  ;aarrov/  obtained  from  patients  with  sarcoidosis, 
from  patients  with  lung  fibrosis  of  unknown  origin,  and  frooi  normal 
subjects.  Ihe  patients  with  sarcoidosis  exhibited  abnormally  lov;  levels 
of  T^- lymphocytes  in  peripheral  blood,  but  greatly  elevated  levels  in 
their  lung  lavage  fluid.  A  high  proportion  of  these  cells  in  lavage 
fluid  appeared  to  be  activated.  In  contrast,  there  were  no  differences 
between  blood  and  lavage  fluid  levels  of  T-lymphocytes  in  normal  subjects 
and  in  patients  with  pulmonary  fibrosis,  nor  were  any  of  these  lymphocytes 
activated. 

In  sarcoidosis  patients,  T-lymphocyte  levels  were  normal  in  uninvolved 
bone  marrow,  but  were  elevated  in  areas  where  granulomas  were  present. 

Ihe  results  indicate  that  the  activated  T-lymphocyte  is  indeed  involved 
in  the  alveolar  inflammation  and  granulona  formation  of  sarcoidosis,  though 
this  participation  may  not  be  evident  outside  the  involved  tissues  themselves, 

Sarcoidosis  may  be  difficult  to  diagnose  during  its  early  stages. 
Usually  the  diagnosis  is  established  by  demonstrating  granulonas  in  tissue 
biopsies  fron  patients  with  clinical  findings  suggestive  of  sarcoidosis 
and  by  the  exclusion  of  other  diseases  that  may  produce  a  SQrae\\^at  similar 
clinical  or  morphologic  picture. 

Several  years  ago,  NHLBI  grantees  showed  that  the  activity  of 
angiotensin  converting  enzyme  was  often  elevated  in  the  serum  of  patients 
wih  sarcoidosis  but  was  normal  in  patients  with  disorders  that  might 
sometimes  be  confused  with  sarcoidosis.  Their  results  suggested  that 
determination  of  converting  enzyme  activity  could  be  highly  useful  in 
differential  diagnosis. 

Recently,  other  scientists  developed  a  simple  radioassay  procedure 
for  determining  converting  enzyme  activity  that  appears  to  offer  certain 
advantages  over  spec tropho tone trie  and  spectrofluoranetric  assay  procedures 
used  earlier.  Ihey  tested  it  among  patients  with  "active"  sarcoidosis, 
among  those  with  arrested  or  cured  sarcoidosis,  and  among  subjects  with 
other  pulmonary  disorders. 

In  general,  though  there  were  a  few  false  positives  and  a  few  false 
negatives,  the  activity  of  angiotens in-converting  enzyme  1)  was  elevated 
in  patients  with  active  sarcoidosis,  2)  was  normal  in  patients  with  arrested 
or  cured  sarcoidosis  or  v^o  had  other  lung  disorders,  and  3)  decreased 
toward  normal  among  patients  with  active  sarcoidosis  who  were  receiving 
effective  treatment  with  steroids.  The  results  indicate  that  measurements 
of  angiotens in-converting  enzyme  may  be  useful  both  in  the  diagnosis  of 
sarcoidosis  and  also  in  the  evaluation  of  therapeutic  measures. 
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Blood  Diseases 

Factor  VIII  concentrates  have  greatly  improved  the  managonent  of 
bleeding  episodes  in  hemophilia.  But  some  hemophiliacs  develop  antibodies 
to  factor  VIII.  Those  antibodies  neutralize  much  of  the  factor  VIII 
infused  into  these  patients  and  so  can  make  the  control  of  bleeding 
extronely  difficult. 

One  approach  to  circumventing  these  antibodies  has  been  to  employ 
prothrcsnbin-complex  concentrates,  thus  bypassing  the  factor  Vlll-requiring 
step  in  coagulation.  In  a  recent  NHLBI-supported  trial  among  hemophiliacs 
with  antibodies  to  factor  VIII,  prothronbin-ccmplex  concentrates  were 
caiipared  with  a  placebo  in  the  treatment  of  joint  hemorrhages.  On  the 
basis  of  the  patients'  subjective  response  plus  objective  evidence  of 
improvement  in  joint  mobility  after  6  hours,  the  prothrcmbin-canplex 
concentrates  clearly  outperformed  the  placebo,  but  were  judged  effective 
only  about  half  the  time.  However,  though  the  concentrates  are  expensive 
and  only  partially  effective,  the  investigators  noted  that  their  use  to 
treat  joint  bleeding  in  hemophiliacs  with  factor  VIII  antibodies  is 
justified  in  the  absence  of  any  other  effective  and  readily  available 
therapy. 

At  the  opposite  pole  frcm  hemophilia  and  related  hemorrhagic  disorders 
are  thronboembolic  complications  of  heart  and  blood  vessel  diseases.  Two 
such  conplications — deep-vein  thronbosis  and  pulmonary  embolism — are 
usually  treated  with  anticoagulants,  such  as  heparin;  but  at  a  recent 
consensus  development  conference  at  NIH,  the  panel  noted  that  the 
fibrinolytic  agents  urokinase  or  streptokinase  are  safe  and  effective  if 
the  patients  are  properly  chosen  (specifically,  v^en  the  patients  are 
treated  shortly  after  the  thronboonbolic  episode)  and  when  used  in 
conjunction  with  anticoagulants. 

In  pulmonary  embolism,  fibrinolytic  therapy  usually  reduces  pulmonary 
hypertension,  normalizes  hanodynamic  responses,  and  helps  prevent  pennanent 
damage  to  the  pulmonary  vascular  bed.  In  deep-vein  thronbosis,  fibrinolytic 
therapy  helps  prevent  permanent  damage  to  the  venous  valves.  Though  serious 
bleeding  had  been  a  complication  of  fibrinolytic  therapy  in  earlier  clinical 
trials,  the  panel  noted  that  it  is  a  lesser  risk  than  had  previously 
been  thought.  Bleeding  is  easily  controllable  if  invasive  procedures 
are  kept  to  a  minimum  and  patients  are  carefully  selected  and  monitored. 

The  panel  concluded  that,  properly  used,  fibrinolytic  therapy 
represents  a  significant  advance  in  the  managonent  of  proximal  deep-vein 
thronbosis  and  the  more  severe  forms  of  pulmonary  embolism. 

In  research  concerned  with  sickle  cell  disease,  the  quest  continues 
for  safe,  effective  agents  that  will  inhibit  or  reverse  sickling  and  thus 
prevent  sickle  cell  crises  or  else  reduce  their  severity. 
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A  group  of  compounds  that  may  have  promise  as  antisickling  agents 
(though  none  has  yet  been  tested  clinically)  are  benzyl  esters  of  amino 
acids.  Preliminary  studies  of  these  esters  have  shovm  that  they  inhibit 
sickling  of  red  cells  in  vitro,  apparently  have  low  toxicity,  and  do  not 
interfere  with  the  oxygen-carrying  function  of  red  cells. 

Other  agents  that  may  be  useful  in  the  treatment  of  sickle  cell  disease 
are  inhibitors  of  calmodulin,  an  intracellular  protein  that  acts  as  a  receptor 
for  calcium.  Normal  red  cells  do  not  take  up  calcium,  but  the  red  cells  of 
those  subjects  with  sickle  cell  disease  are  abnormally  permeable  to  this 
ion.  Calcium  influx  into  these  cells  is  enhanced  by  deoxygenation  and 
sickling.  In  the  cell  this  calcium  is  thought  to  interact  with  calmodulin 
and  perhaps  other  proteins  of  the  cell  membrane  to  "fix"  the  membrane 
permanently  in  the  sickled  conformation.  Irreversibly  sickled  cells, 
v*iich  may  constitute  5  to  25  percent  of  all  red  cells  in  victims  of  sickle 
cell  disease,  are  usually  culled  rapidly  from  the  circulation  and  destroyed. 

Earlier  studies  indicated  that  calcium  influx  into  red  cells  was  partially 
inhibited  by  zinc.  More  recent  studies  indicate  that  zinc  plus  thioridazine, 
a  calmodulin  inhibitor  and  tranquilizer,  appears  to  be  even  more  effective. 
In  limited  clinical  trials  the  conbination  reduced  the  rate  of  hemolysis  and 
substantially  increased  the  half-life  of  sickled  cells. 

A  possibly  important  factor  in  sickle  cell  crises  may  be  the  tendency  of 
red  cells  of  sickle  cell  disease  patients  to  adhere  to  the  epithelium  of  blood 
vessels.  A  recent  study  showed  that  vdiereas  red  cells  frcsn  normal  subjects 
would  not  stick  to  umbilical  epithelium,  some  younger,  reversibly  sickled 
cells  from  sickle  cell  disease  patients  and  a  major  proportion  of  their 
older  irreversibly  sickled  cells  clung  tenaciously  to  epithelium  through 
numerous  washings. 

The   investigator  thinks  that  crisis  episodes  may  develop  when  the 
affinity  of  the  patients'  red  cells  for  vascular  endothelium  slows  bloodflow 
in  smaller  vessels  sufficiently  to  cause  the  cells  to  becone  deoxygenated  and 
then  to  sickle  in  these  vessels,  v^ich  they  subsequently  block.  He  believes 
that  agents  capable  of  reducing  the  stickiness  of  red  cells  in  sickle  cell 
disease  might  be  effective  in  preventing  crisis  episodes. 

Patients  with  Cooley's  anemia  require  repeated  blood  transfusions  to 
keep  their  levels  of  red  blood  cells  within  tolerable  limits.  Each  trans- 
fusion introduces  substantial  amounts  of  iron,  v^ich  the  body  cannot  excrete 
readily  and  which  it  tolerates  poorly.  Eventually  excess  iron  accumulates 
in  various  tissues  and  organs,  including  the  heart.  Cardiac  complications 
of  this  iron  overload,  chiefly  arrhythmias  or  congestive  heart  failure,  are 
presently  the  leading  causes  of  death  among  victims  of  Cooley's  anemia. 

The  normal  red  blood  cell  has  a  lifespan  of  about  120  days.  Patients 
given  conventional  transfusion  therapy  receive  a  mix  of  red  cells  of 
varying  ages — sane  young,  others  "middle  aged,"  and  still  others  already 
nearing  tlie  end  of  their  useful  life  when  first  infused.  However, 
scientists  at  NIH  and  at  Boston  Children's  Hospital  have  developed  a  novel 
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transfusion  scheme  whereby  their  patients  with  Cooley'.s  anemia  receive 
only  young  red  cells.  B/  means  of  an  autanatic  cell  separator,  young  red 
cells  are  separated  from  the  older  cells  at  the  time  of  donation,  the 
young  cells  being  retained  for  subsequent  transfusion  use,  the  older 
cells  being  immediately  returned  to  the  donor. 

Because  the  young  cells  should  persist  longer  in  the  circulation 
after  infusion,  the  investigators  feel  that  the  technique  v/ill  reduce  by 
half  the  number  and  frequency  of  transfusions  required.  Ihis,  in  turn, 
would  significantly  reduce  the  iron  burden  imposed.  Although  currently 
being  evaluated  in  patients  with  Cooley's  anemia,  the  new  procedure  should 
also  be  of  benefit  in  severe  sickle  cell  disease,  aplastic  anemia,  or 
other  conditions  requiring  transfusion  therapy. 

Tto  conbat  the  iron  overloading  that  occurs  in  Cooley's  and  other 
anatiias  requiring  transfusion  therapy,  investigators  have  been  seeking 
effective  chelating  agents,  which  conbine  with  iron  compounds  to  form 
complexes  more  readily  excreted  by  the  kidneys.  One  of  the  best  iron 
chelators  is  desferrioxamine.  However,  its  effectiveness  has  been  limited 
by  its  rapid  excretion  after  infusion,  much  of  it  being  cleared  before  it 
has  chelated  any  iron. 

Earlier  studies  had  demonstrated  that  slow  subcutaneous  administration 
of  desferrioxamine  by  means  of  a  small  clockwork  pump  enhanced  the 
ironchelating  effectiveness  of  the  drug.  More  recently,  investigators 
have  found  that  incorporating  the  drug  into  red  cell  ghosts,  which  were 
then  administered  by  slow  intravenous  infusion,  made  the  drug  still  more 
effective. 

Ihe  red  cell  ghosts  employed  as  drug  carriers  in  this  study  were 
essentially  membranous  sacs  from  v*iich  most  of  the  original  contents  had 
been  removed  and  replaced  by  desferrioxamine,  after  which  the  membranes 
were  chanically  "resealed"  prior  to  infusion.  Ihough  the  drug-laden 
ghosts  are  themselves  cleared  fairly  rapidly  from  the  circulation,  they 
persist  longer  than  the  free  drug.  Moreover,  they  are  culled  frcm  the 
circulation  by  reticuloendothelial  cells — themselves  a  major  repository 
of  excess  iron — and  so  continue  chelating  to  the  very  end. 

Conpared  with  subcutaneously  administered  desferrioxamine,  the 
drug-laden  ghosts  more  than  doubled  the  patients'  iron  excretion  (mean 
increase:  119  percent;  range  7  to  379  percent).  In  sane  patients  with  very 
severe  iron  overloading,  urinary  iron  excretion  approached  the  theoretical 
maximum  possible  with  the  doses  of  desferrioxamine  administered.  Also 
noteworthy  were  the  high  rates  of  iron  excretion  achieved  among  patients 
with  relatively  modest  iron  overloads.  Such  patients  usually  respond 
poorly  to  chelation  therapy,  and  it  is  in  such  patients  that  the 
investigators  feel  the  new  technique  will  be  most  useful. 

The  epidemiologic  studies  of  NHLBI  grantees  have  provided  most  of 
our  current  knowledge  concerning  the  incidence  and  mode  of  transmission 
of  hepatitis  viruses.   Identification  of  high-risk  population  groups  has 
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established  the  groundwork  for  our  understanding  of  the  spread  of  hepatitis 
and  was  necessary  before  clinical  trials  using  newly  developed  hepatitis 
B  vaccines  could  be  mounted. 

Viral  hepatitis  is  still  the  most  serious  conplication  of  blood 
transfusion.  Posttransfusion  hepatitis  develops  in  7  to  10  percent  of 
blood  recipients.  Ninety  percent  of  this  hepatitis  is  of  a  type  called 
non-A,  non-B  (t^IANB)  hepatitis.  The  reality  of  NAITO  hepatitis  is  now  firmly 
established  both  epideraiologically  and  clinically.  Serologic  screening, 
v^ich  has  proved  so  successful  in  the  control  of  hepatitis  B,  will  not  be 
feasible  until  the  virus(es)  responsible  for  InIANB  hepatitis  are  identified. 
However,  an  NHLBI-sponsored  collaborative  study  has  shown  that  donor 
blood  containing  elevated  levels  of  serum  transaminase  (ALT)  carries  a 
high  risk  for  NANB  hepatitis.  Screening  blood  donor  samples  for  elevated 
ALT  levels  may  be  useful  as  an  interim  assay  for  reducing  the  incidence 
of  posttransfusion  hepatitis. 

The  NHLBI  continues  to  support  the  development  of  oxygen-carrying 
blood  substitutes.  The  first  transfusions  of  a  perfluorochemical  blood 
substitute  into  humans  in  the  United  States  occurred  this  year.  Blood 
substitutes  offer  great  pronise  both  in  chemical  applications,  particularly 
in  emergency  situations  when  adequate  supplies  of  blood  are  not  available, 
and  in  research  applications,  particularly  relative  to  the  kinetics  of 
blood  cell  and  plasma  protein  development. 
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DIVISION  OF  HEART  AND  VASCULAR  DISEASES 
ANNUAL  REPORT 


General  Mission 

A.  The  Division  of  Heart  and  Vascular  Diseases  has  continued 
the  broad  mandated  responsibilities  established  in  1948 

by  the  National  Heart  Act  which  created  the  National  Heart 
Institute,  the  predecessor  of  the  National  Heart,  Lung, 
and  Blood  Institute,  as  the  primary  federal  agency  respon- 
sible for  the  conduct  and  support  of  research  relating  to 
the  cause,  prevention,  methods  of  diagnosis  and  treatment 
of  diseases  of  the  heart  and  blood  vessels. 

B.  Additionally,  under  Public  Law  95-622  the  extension  of 
authorization  for  research  training  through  National 
Research  Service  Awards,  the  Division  has  authority 

to  make  grants  for  pre-  and  post-doctoral  training  of 
individuals  to  undertake  research  in  the  causes,  diagnosis, 
prevention  and  treatment  of  cardiovascular  diseases. 

Magnitude  of  the  Problem 

C.  In  1977  three  of  the  ten  leading  causes  of  death  in  the 
United  States  were  problems  that  fall  with  DHVD's  purview: 
diseases  of  the  heart  (ranked  first),  cerebrovascular  diseases 
(third),  and  arteriosclerosis  (eighth).  Although  the  problem 
is  enormous,  significant  advances  are  being  made.  Since  1968 
there  has  been  a  steep  decline  in  cardiovascular  death  rates. 
Deaths  from  coronary  heart  disease  have  declined  by  over  22 
percent  in  the  last  10  years,  and  deaths  from  stroke  have 
decreased  by  over  33  percent  since  1968. 

While  it  is  not  known  which  factors  have  been  most  responsible 
for  this  decline,  improved  medical  practices,  more  widespread 
treatment  of  high  blood  pressure  reduction  of  cigarette  smoking 
and  a  possible  reduction  of  blood  cholesterol  concentrations 
in  the  general  population  through  reductions  of  saturated  fat 
in  the  diet  are  all  probable  contributors  to  this  improvement 
in  health  status. 

Despite  striking  improvements,  however,  cardiovascular  disease 
remains  among  the  Nation's  most  serious  health  problems.  It 
constitutes  the  leading  cause  of  death  for  men  beginning  at  age 
40  years  and  for  women  beginning  at  age  60.  At  least  40  million 
Americans  have  diseases  of  the  heart  and  blood  vessels. 

Progress  Toward  Achieving  Objectives 

In  the  past  year  considerable  progress  has  taken  place  in  the  programs  of 
the  Division.  The  Division  has  maintained  its  strong  base  of  research 
support  for  investigations  into  the  causes  of  heart  and  vascular  disease 
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including  research  in  prevention  and  in  improved  therapies.  High  priority 
also  has  been  given  to  provide  training  for  promising  young  investigators 
including  minority  professionals  to  continue  manpower  development  for 
research  in  cardiovascular  diseases.  Three  new  training  programs  were 
funded:  1)  clinical  investigator  awards,  2)  senior  fellowship,  3)  short 
term  training.  A  committee  from  the  Training  Centers  produced  a  report 
for  trainees.  Handbook  on  Hypertension. 

Six  new  initiatives  were  implemented: 

1.  NHLBI  Registry  for  Percutaneous  Transluminal  Coronary  Angioplasty 

2.  Methodology  for  Estimation  of  Human  Dietary  Sodium  Intake/Excretic 

3.  Changes  in  Pathology  of  Arteriosclerosis  and  Myocardial  Infarctiot 
over  time  since  1960. 

4.  The  Role  of  the  Microcirculation  in  Hypertension 

5.  Standardization  Program  for  HDL-Cholesterol  Measurements 

6.  Dahl  S/R  Hypertensive  Rat  Colony 

Thirteen  new  research  initiatives  recommended  by  the  Division  and  its 
Advisory  Committees  could  not  be  undertaken  with  the  funds  available  for 
'FY  1980. 

Highlights  of  Accomplishments 

The  Aspirin-Myocardial  Infarction  Study  (AMIS) 

A  randomized,  double-blind,  placebo-controlled  clinical  trial  was 
initiated  in  1975  to  evaluate  the  efficacy  of  aspirin  in  the  secon- 
dary prevention  of  coronary  heart  disease.  Thirty  clinical  centers 
recruited  4,524  patients  within  a  thirteen-month  period  with  a 
three-year  follow-up.  Results  of  AMIS  were  reported  in  JAMA 
243:661-669,  1980.  No  statistically  significant  differences  in 
all  cause  mortality  of  coronary  heart  disease  incidents  were  found. 

Hypertension  Detection  and  Fol low-Up  Program  (HDFP) 

Pilot  studies  for  this  program  were  initiated  in  1971.  fourteen 
clinics  recruited  10,940  black  and  white  men  and  women  into  this 
randomized,  controlled  cooperative  clinical  trial.  Results  of 
HDFP  were  released  in  November  1979  and  appeared  in  JAMA 
■  242:2562-2577,  1979.  Systematic  management  of  hypertension  at 
the  HDFP  clinics  resulted  in  a  16.9%  reduction  in  five-year 
mortality  compared  to  the  group  who  received  the  usual  sources 
of  community  care.  Mild  hypertensives,  i.e.  90-104  mm  Hg  treated 
at  the  HDFP  clinics,  experienced  a  20.3%  reduction  in  mortality. 
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Lipid  Research  Clinics  Program  (LRC) 

This  program  concentrates  on  the  detection,  prevalence,  and  treatment 
of  lipid  disorders.  Reliable  distributions  for  HDL-cholesterol  levels 
are  now  available  for  the  North  American  population.  Recent  analysis 
of  the  ongoing  Mortality  Follow-up  Study  data  confirm  in  a  prospective 
manner  the  inverse  relationship  between  HDL  cholesterol  and  risk  of 
death  from  cardiovascular  disease  in  a  population  primarily  over  50 
years  of  age.  Genetic  and  pediatric  studies  have  demonstrated  progress 
in  the  identification  of  hypercholesterolemic  and  hypertriglyceridemic 
children,  and  the  role  of  nutrient  intake  to  lipids  and  lipoproteins 
in  children. 

Coronary  Artery  Surgery  Study  (CASS) 

A  collaborative  randomized  national  effort  was  initiated  in  1973  to 
study  in  detail  the  indications  for  coronary  artery  surgery  and  the 
true,  long-term  benefits  of  such  surgery  compared  to  medical  manage- 
ment. Recruitment  of  780  patients  ended  in  June  1979;  in  addition 
24,188  patients  were  enrolled  in  the  CASS  Registry.  All  patients 
will  be  followed  for  five  years.  Two  reports  were  released  in  the 
past  year  from  registry  studies  on  the  complications  of  coronary 
arteriography  and  on  the  results  of  exercise  stress  testing. 

High  Blood  Pressure  Education  Program  (HBPEP) 

The  national  impact,  of  this  program  continues  to  be  felt.  Important 
trends  related  to  the  program  include  the  following: 

a.  From  1968  to  1977,  age  adjusted  death  rates  from  hypertensive 
disease,  coronary  heart  disease,  and  stroke  declined  51%,  23%, 
and  32%  respectively. 

b.  From  1971  through  1978,  physician  visits  for  hypertensive 
disease  increased  20.7%,  while  visits  for  all  causes  decreased 
10.2%  during  the  same  period. 

c.  Two  recent  national  surveys  indicate  public  knowledge  of 
hypertensive  disease  is  improving. 

HDFP  findings  are  being  evaluated  for  expanded  usefulness  to  the 
professional  and  lay  communities.  The  role  and  importance  of 
dietary  management  is  increasing,  and  Blue  Cross  continues  its 
nationwide  program  to  train  account  executives  in  marketing 
worksite  control  programs. 

Atherogenesis 

New  information  is  now  available  on  the  regulation  of  cholesterol 
synthesis  by  endothelial  cells.  The  activity  of  high  affinity 
receptors  which  occupy  5%  of  the  cell  surface  and  permit  internal- 
ization of  neutral  lipid  without  uptake  of  chylomicron  protein  has 


been  observed.  Cholesterol  entering  the  cell  in  this  manner  is 
highly  effective  in  the  regulation  of  cellular  cholesterol  and 
maintenance  of  cellular  integrity. 

Th^e  mechanisms  responsible  for  the  excessive  deposition  of  cholesterol 
in  tissues  and  arteries  of  individuals  with  homozygous  familial  hyper- 
cholesterolemia has  been  reported  from  studies  in  mouse  peritoneal 
macrophages.  Results  indicate  the  existence  of  binding  sites  on 
macrophages  for  modified  lipoproteins.  This  mechanism  does  not  appear 
to  be  under  feedback  regulation  and  may  help  explain  the  development  of 
macrophages  into  foam  cells  in  atherosclerotic  plaques. 

A  new  human  apoprotein,  A-IV,  has  been  isolated  and  characterized. 
It  is  secreted  by  the  intestine  and  its  concentration  in  plasma 
rises  after  fat  feeding.  Detectable  amounts  are  found  in  HDL 
separated  by  gel  filtration  chromatography.  Its  physiological 
role  remains  to  be  defined. 

Behavioral  Medicine 

Over  the  past  year  several  grant  projects  produced  data  supporting 
the  ability  of  stress  to  induce  renal  tubular  retention  of  water 
and  sodium  and  to  modulate  baroreceptor  reactivity.  A  report  has 
been  prepared  by  a  panel  of  experts  summarizing  the  state  of  the 
art/compliance  promotion  methodology,  research  target  areas  for  the 
'80' s,  and  the  results  of  the  Institute's  grant-supported  Education 
Research  Program.  Projects  that  address  the  physiologic  basis  for 
Type  A  coronary  heart  disease  association  have  demonstrated  consider- 
able specificity  of  behavioral  and  cardiovascular  response  character- 
istics in  individuals  designated  Type  A  by  the  Structured  Interview. 
A  major  factor  in  prediciting  cardiovascular  arousal  (blood  pressure 
and  heart  rate  elevations  and  increased  plasma  epinephrine)  is  the 
degree  of  perceived  social  or  performance  challenge  present  in  the 
testing  situation.  Type  A's  react  to  challenges  such  as  competition, 
hostility,  and  time  pressure  with  greater  and  longer  lasting  cardio- 
vascular arousal  than  Type  B's  under  similar  situations. 

Epidemiology  and  Biometry 

Results  .from  a  ten-year  follow-up  of  387  working  women  and  350 
housewives  from  the  Framingham  Heart  Study  demonstrated  that 
employment  by  women,  per  se,  was  not  a  significant  risk  factor 
for  coronary  heart  disease.  Sub-group  analysis,  however,  suggested 
that  the  stress  of  some  working  environments,  plus  the  burdens  of 
raising  a  family,  may  be  associated  with  the  development  of  CHD  in 
women . 

A  genetic  study  of  200  families  having  a  child  with  homocystinuria 
compared  members  of  control  families  (those  with  a  child  with  a  new 
mutation  achondroplastic  dwarf  or  with  impaired  phenylalanine  metab- 
olism) and  found  no  statistically  significant  increases  in  heart 
attacks  or  strokes  for  relatives  of  homocystinuric  patients. 
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It  is  apparent  in  the  High  Blood  Pressure  in  the  Young  Program 
that  the  most  significant  correlates  of  blood  pressure  in  children 
are  body  weight  and  changes  in  body  weight.  Several  of  the  studies 
confirmed  a  consistent  relationship  between  maternal  blood  pressure 
and  blood  pressure  in  children,  indicating  the  likelihood  of  a  genetic 
factor  operating  early  in  life.  These  results  have  considerable  im- 
plications for  identifying  those  individuals,  early  in  life,  who 
might  be  most  prone  to  develop  hypertension  later  on  in  life. 

Circulatory  Assistance 

Presently,  assist  devices  are  being  designed  to  provide  10  liter  per 
minute  blood  flow  at  120  beats  per  minute  against  a  peak  arterial 
pressure  of  150  mm  Hg  with  a  filling  pressure  of  15  mm  Hg.  Pumps 
suitable  for  long-term  use,  and  with  mechanical  rather  than  pneumatic 
actuation,  are  in  various  stages  of  development  and  testing.  Three 
long-term  ventricular  assist  blood  pumps  have  operated  in  calves 
for  up  to  six  months  without  anticoagulation.  All  three  can  be 
implanted  without  systematic  heparinization  or  the  use  of  cardio- 
pulmonary bypass. 

Biomaterials 

Recently,  investigators  have  begun  to  assess  the  role  of  trace 
proteins  such  as  fibronectin,  antithrombin  III,  or  complement  (C3) 
which  may  profoundly  affect  coagulation  or  thrombosis.  Plasma 
lipid  studies  suggest  that  in  a  blood-material  interaction  they 
act  as  a  nidus  for  calcification  or  react  with  platelets  as 
potential  prostaglandin  precursors. 

Black  Health  Providers  Task  Force 

In  June  1979,  the  Task  Force  ended  its  work  with  the  announcement  of 
recommendations  for  suggested  roles  in  high  blood  pressure  control 
for  six  provider  groups  (physicians,  dentists,  nurses,  pharmacists, 
optometrists  and  pediatrics),  as  well  as  recommendations  which 
addressed  barriers  to  the  performance  of  these  roles.  Final, 
written  recommendations  from  the  Task  Force  are  now  available. 

Significant  Workshops 

1.   Percutaneous  Transluminal  Coronary  Angioplasty  (PTCA). 

This  workshop  concluded  that  the  technique  is  most  applicable 
to  a  small  subset  of  patients  with  recent  onset  of  symptomatic 
ischemic  heart  disease  and  a  proximal  obstruction  in  a  single 
coronary  artery.  The  workshop  participants  agreed  that  PTCA 
is  an  investigational  technique  and  that  skilled  angiographers 
need  specific  training  for  the  procedure  and  a  close  working 
relationship  with  a  surgical  team  that  can  provide  standby 
operative  capability. 


2.  Improving  Clinical  and  Consumer  Use  of  Blood  Pressure  Measuring 
Devices 

This  NIH  Consensus  Development  Conference  brought  together 
representatives  of  the  medical  and  engineering  professions, 
consumer  groups,  and  government  in  an  effort  to  help  develop 
national  voluntary  guidelines  for  use  and  manufacture  of 
sphygmomanometers . 

3.  Use  of  a  Platelet  Active  Drugs  in  the  Secondary  Prevention 
of  Cardiovascular  Events 

4.  Cholesterol  and  Non-Cardiovascular  Disease 

5.  Noninvasive  Techniques  for  Assessment  of  Atherosclerosis 
in  Peripheral,  Carotid  and  Coronary  Arteries 

This  workshop  looked  at  clinical  usefulness  of  noninvasive 
methods  for  imaging  plaques  in  arteries  and  then  following 
the  natural  history. 

6.  Needs  and  Opportunities  for  NHLBI  Activities  on  Sudden 
Cardiac  Death 

The  prevention  of  sudden  cardiac  death  in  persons  with 
atherosclerotic  heart  disease  was  the  target  of  this  workshop. 

7.  Ambulatory  ECG  Recording 

This  workshop  discussed  the  state  of  the  art  EKG  ambulatory 
monitoring,  and  made  recommendations  for  future  research. 

Major  Problem  Areas 

The  lack  of  a  permanent  Director  and  insufficient  positions  for 
needed  staff  are  still  the  major  problems  of  the  Division. 

The  limitation  of  extramural  research  support  funds  is  of 
major  concern. 

The  reduction  in  the  number  of  research  grants  that  can  be 
supported  will  result  in  disbandment  of  established  research 
teams  and  loss  of  needed  research. 

Uncertainty  with  regard  to  the  FY  1981  training  budget,  when 
currently  the  commitments  are  in  excess  of  the  funds  in  the 
budget,  is  worrisome. 

The  travel  allocation  to  the  Division,  both  domestic  and  foreign, 
is  not  only  decreasing,  but  reductions  are  announced  after  travel 
plans  have  been  arranged.  At  the  same  time  costs  are  rising 
precipitously:  there  have  been  four  air-fare  increases  in  the 
past  six  months. 


Difficulties  with  staff  promotions  beyond  certain  levels  and 
decreased  flexibility  with  regard  to  recruiting  into  certain 
types  of  positions  and  series  are  both  demoralizing  and  demo- 
tivating.  The  personnel  freeze  is  an  additional  restriction 
on  personnel  actions. 
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DIVISION  OF  LUNG  DISEASES 

ANNUAL  REPORT 

October  1,  1979  through  September  30,  1980 

I.  MISSION 

The  broad  program  goals  of  the  Division  of  Lung  Diseases  are  more  effective 
diagnosis,  treatment  and,  ultimately,  prevention  of  pulmonary  disease.  To 
these  ends,  the  Division  emphasizes  seven  program  areas:  structure  and  func- 
tion of  the  lung  (includes  lung  development);  chronic  obstructive  lung  dis- 
eases (emphysema,  chronic  bronchitis,  asthma);  pediatric  pulmonary  diseases 
(neonatal  respiratory  distress  syndrome,  cystic  fibrosis,  bronchiolitis);  fi- 
brotic  and  immunologic  interstitial  lung  diseases;  pulmonary  vascular  dis- 
eases (pulmonary  hypertension,  pulmonary  edema);  respiratory  failure;  and 
prevention,  control  and  education.  These  programs  are  implemented  through 
four  branches:  Structure  and  Function;  Airways  Diseases;  Interstitial  Lung 
Diseases;  Prevention,  Education  and  Manpower. 

In  addition  to  supporting  investigator-initiated  regular  research,  program 
project  and  training  grants,  research  career  awards,  and  young  investigator 
research  grants,  the  Division  has  stimulated  research  or  training  in  specific 
areas  through  goal-oriented  initiatives.  Grants  for  specialized  centers  of 
research  (SCORs)  support  interdisciplinary  investigations  with  a  clinical 
focus.  A  grant  for  a  lung  research  and  demonstration  center  supports  demon- 
stration and  education  projects  to  prevent  and  control  pulmonary  diseases. 
To  meet  the  need  for  additional  research  and  clinical  manpower,  the  Division 
initiated  the  Pulmonary  Academic  Award  and  Pulmonary  Faculty  Training  pro- 
grams. Research  contracts  are  used  to  foster  targeted  pulmonary  research  and 
development  projects. 

II.  PROGRESS  TOWARD  OBJECTIVES 

The  investigator-initiated  research  grant  continues  to  be  the  major  source  of 
innovative  fundamental  research.  It  contributes  not  only  to  our  understand- 
ing of  the  normal  lung  and  the  abberant  processes  involved  in  respiratory  dis- 
orders, but  also  leads  to  improvements  in  the  diagnosis  and  management  of  pul- 
monary diseases.  From  time  to  time  the  Division  supplements  these  programs 
by  issuing  requests  for  applications  (RFAs)  or  for  contract  proposals  (RFPs) 
to  encourage  exploration  of  problems  not  being  addressed,  or  being  insuffi- 
ciently addressed,  by  investigator-initiated  grants.  The  areas  where  stimu- 
lation is  needed  are  identified  through  working  groups,  workshops  and  task 
forces,  as  well  as  by  the  Pulmonary  Diseases  Advisory  Committee  and  the  Di- 
vision's professional  staff.  One  program  area  in  the  Division's  National 
Plan  continues  to  depend  almost  entirely  on  special  initiatives;  namely,  the 
Prevention  and  Control  program. 

A  working  group  on  the  Natuj'al  History  of  the  PiZZ  Subject   brought  together 
investigators  who  had  collected  pulmonary  function  data  on  more  than  240 


subjects  identified  as  homozygous  for  a1pha-l-antitrypsin  deficiency  (PiZZ 
phenotype),  a  condition  found  in  only  about  one  in  1,500  individuals.  They 
discussed  their  findings,  and  are  now  summarizing  the  data  on  each  subject  in 
uniform  format.  At  a  second  meeting,  these  retrospective  data  will  be  ana- 
lyzed and  the  working  group  will  consider  the  feasibility  of  a  trial  on  alpha- 
1-antitrypsin  replacement  therapy  for  individuals  who  are  prone  to  emphysema 
because  they  are  deficient  in  this  anti protease.  Another  working  group  was 
convened  to  discuss  Terminology  of  Chronic  Obstructive  Lung  Diseases,   because 
diversity  in  diagnostic  criteria  and  in  usage  of  terminology  have  been  ob- 
stacles to  collection  of  reliable  data  on  incidence,  prevalence  and  morbidity 
of  these  diseases.  This  is  a  troublesome  problem  identified  by  the  Task 
Force  on  Epidemiology  of  Respiratory  Diseases  as  hampering  epidemiologic  re- 
search. 

The  Division  also  sponsored  five  workshops  to  enable  experts  to  discuss  the 
current  state  of  knowledge  in  the  field  and  recommend  new  directions  to  fill 
gaps  in  current  research  programs.  Reports  of  these  workshops,  which  are 
distributed  to  the  biomedical  community,  serve  as  a  stimulus  to  new  investi- 
gative approaches  as  well  as  providing  a  source  of  ideas  for  special  initia- 
tives of  the  Division  of  Lung  Diseases.  A  workshop  on  Mechanics  of  Lung 
Parenchyma   discussed  what  is  known  about  the  biochemical  and  morphologic 
characteristics  of  lung  connective  tissue  components  and  the  relationship 
between  the  chemical  structure  and  mechanical  features  of  lung  parenchyma. 
The  Scientific  Basis  of  In-Hospital  Therapy   Was  the  subject  of  a  workshop 
that  examined  data  on  therapies  currently  used  to  manage  hospitalized  pa- 
tients who  develop  respiratory  complications,  and  identified  the  kinds  of 
additional  information  required  for  an  assessment  of  the  efficacy  of  dif- 
ferent modes  of  therapy.  A  "hands-on"  experience  for  investigators  wishing 
to  use  lung  morphometry  in  their  research  was  provided  at  a  3-day  workshop 
on  Quantitative  Morphology  of  the  Lung   for  a  limited  number  of  qualified  re- 
searchers. A  workshop  on  Noninvasive  Methods  to  Monitor  Intracellular  Events 
brought  together  pulmonary  researchers,  and  biochemists  and  biophysicists 
who  have  developed  techniques  that  might  be  able  to  be  used  to  monitor  in- 
tracellular changes  associated  with  abnormal  levels  of  oxygen,  or  acid-base 
balance  disturbances.  The  participants  explored  the  feasibility  of  applying 
such  techniques  to  the  noninvasive  assessment  of  blood  gas  abnormalities  in 
patients  with  respiratory  disturbances.  The  Division  of  Lung  Diseases  and 
the  Institute  of  Allergy  and  Infectious  Diseases  jointly  sponsored  a  work- 
shop on  Basic  and  Clinical  Aspects  of  Granulomatous  Diseases.      Participants 
included  basic  scientists,  especially  immunologists,  as  well  as  investiga- 
tors concerned  with  clinical  problems.  It  was  designed  to  bridge  the  gap 
between  what  is  known  about  basic  inflammatory  processes  and  the  clinical 
aspects  of  sarcoidosis  and  other  granulomatous  diseases. 

The  Task  Force  on  Epidemiology  of  Respiratory  Diseases   completed  its  deli- 
berations this  fiscal  year  and  its  report  has  been  distributed  to  the  bio- 
medical community.  The  report  emphasizes  the  extent  to  which  respiratory 
diseases  are  underreported,  resulting  in  a  misleading  picture  of  the  true 
magnitude  of  health  problems  associated  with  these  disorders.  The  report 
identifies  the  kinds  of  basic  and  clinical  research,  technology  development, 
and  innovative  approaches  to  statistical  methodology  that  are  necessary  be- 
fore certain  types  of  epidemiologic  studies  can  be  effectively  pursued.  It 


also  makes  specific  recommendations  for  an  epidemiology  program  that  will  im- 
prove our  knowledge  of  the  occurrence  of  the  various  respiratory  diseases, 
exogenous  risk  factors,  especially  in  working  environments,  host  factors  that 
predispose  an  individual  to  respiratory  disease,  the  long-term  consequences 
of  respiratory  disorders  of  infancy  and  childhood,  and  the  natural  history  of 
chronic  respiratory  diseases. 

A  Task  Force  on  Pulmonary  Technology ,   which  held  its  first  meeting  in  January 
1980,  agreed  to  work  through  five  task  groups  that  include  additional  experts. 
They  have  met  and  are  now  preparing  chapters  on  respiratory  failure  and  ob- 
structive lung  diseases;  fetal,  neonatal  and  pediatric  medicine;  noninvasive 
lung  imaging;  pulmonary  vascular  and  interstitial  lung  diseases;  and  techno- 
logy development,  evaluation  and  standardization. 

As  a  special  initiative  to  encourage  animal  studies  of  the  effects  of  nutri- 
tion on  the  lung,  which  has  been  little  studied  compared  with  the  effects  of 
other  organ  systems,  the  Division  issued  an  RFA  for  Studies  of  Nutritional 
status  and  Nonrespiratory  Lung  Function.     Such  fundamental  investigations  are 
needed  for  better  insights  into  the  role  of  nutrition  in  the  etiology,  patho- 
genesis and  management  of  diseases  of  the  lung. 

Two  other  special  initiatives  are  an  outcome  of  the  recommendations  of  the 
Task  Force  on  Prevention,  Control  and  Education  in  Respiratory  Diseases.  One 
was  an  RFP  on  identification  of  Variables  Associated  with  Maintenance  of  Non- 
smoking in  Ex-Smokers.     It  invited  studies  addressed  to  the  problem  of  reci- 
divism that  is  common  to  all  smoking  cessation  programs.  Groups  with  experi- 
ence in  research  on  smoking  cessation  and  maintenance  of  nonsmoking  behavior 
were  encouraged  to  submit  proposals  for  obtaining  additional  data  on  vari- 
ables that  seem  to  be  predictive  of  successful  long-term  maintenance  of  non- 
smoking. The  other  RFP  invited  development  of  the  Methodology  for  Evaluation 
of  Primary  Physicians'  Utilization  of  Knowledge  of  Respiratory  Diseases.      It 
is  well  known  that  there  is  a  disparity  between  what  a  physician  knows  about 
a  disease  and  what  use  is  made  of  this  knowledge  in  his  or  her  daily  practice. 
There  is  a  need  for  an  evaluative  methodology  that  can  be  used  to  assess  the 
extent  to  which  physicians  are  using  their  knowledge  and  skills  in  their  com- 
munity practice  relative  to  diagnosis  and  management  of  respiratory  diseases. 

The  Division  of  Lung  Diseases  is  committed  to  periodic  assessment  of  its  spe- 
cial programs.  Because  14  awardees  supported  through  the  Pulmonary  Academic 
Award  Program  have  now  completed  the  5-year  term  of  this  award,  the  Division 
issued  an  RFP  to  obtain  an  Evaluation  of  the  Pulmonary  Academic  Award  Program. 
Respondents  were  asked  to  present  proposals  for  comparing  these  14  awardee 
schools,  which  had  minimal  pulmonary  programs  prior  to  the  award,  with  a 
group  of  similar  schools  that  had  not  received  a  Pulmonary  Academic  Award. 

The  Pulmonary  SCOR  (specialized  centers  of  research)  program  is  now  open  to 
national  competition  for  centers  addressed  to  one  of  four  disease  categories: 
chronic  obstructive  lung  diseases,  pediatric  pulmonary  diseases,  fibrotic  and 
immunologic  interstitial  lung  diseases,  and  pulmonary  vascular  diseases.  Ap- 
plications are  due  September  1980  for  award  in  fiscal  1982  when  the  project 
periods  end  for  current  SCOR  grants  in  these  categories.  SCORs  addressed  to 


respiratory  failure  are  not  included  in  this  competition  because  their  pro- 
ject period  does  not  end  until  fiscal  1983. 

Of  considerable  interest  are  new  research  emphases  emerging  in  several  areas 
of  investigation,  sometimes  as  a  result  of  technologic  advances,  in  other  in- 
stances because  changes  in  the  environmental  or  industrial  scene  have  intro- 
duced new  challenges  to  researchers.  Some  recent  trends  are  identified  below 
and  specific  examples  given  in  the  next  section  of  this  report. 

Technical  improvements  in  the  management  of  infants  with  neonatal  respiratory 
distress  syndrome  have  dramatically  improved  survival  rates.  But  it  is  now 
evident  that  surviving  infants  are  at  risk  of  a  chronic  pulmonary  disorder-- 
bronchopulmonary  dysplasia.  A  recently  issued  report  of  a  workshop  on  this 
disorder  identifies  the  urgent  need  for  better  diagnostic  criteria,  studies 
of  the  natural  history  of  the  disease,  and  clinical  and  laboratory  research 
to  identify  basic  mechanisms  involved  in  its  etiology  and  pathogenesis.  All 
of  these  lines  of  investigation  are  necessary  to  more  effective  management 
and  the  prevention  of  bronchopulmonary  dysplasia,  which  appears  to  be  a 
mounting  problem  as  more  premature  infants  survive.  Another  disease  of 
childhood  in  which  improved  management  has  prolonged  life  is  cystic  fibrosis. 
As  children  with  this  disease  are  surviving  into  adulthood,  the  problems  of 
management  are  now  similar  to  those  for  other  chronic  obstructive  diseases  of 
the  lung,  such  as  emphysema  and  chronic  bronchitis.  Unfortunately,  treatment 
for  these  disorders  is  at  present  only  palliative,  but  still  cannot  reverse 
the  deterioration  of  lung  function. 

Physiologic  studies  under  conditions  of  increased  pressure  are  of  rapidly  in- 
creasing interest  because  technical  advances  have  more  than  doubled  the  depth 
at  which  men  can  work  in  the  ocean,  and  because  exploration  for  oil,  retrie- 
val of  sunken  treasures,  and  even  deep-diving  as  a  recreational  sport,  are 
exposing  more  and  more  individuals  to  hyperbaric  conditions. 

Investigators  are  becoming  more  aware  of  exposures  to  hazardous  agents  that 
affect  the  lung  not  only  in  the  workplace,  but  in  the  general  environment  in 
the  vicinity  of  industries,  or  in  communities  where  the  population  is  ex- 
posed to  noxious  agents  as  a  result  of  accidents  such  as  freight  train 
wrecks.  Epidemiologists  and  other  types  of  researchers  are  giving  greater 
attention  to  such  events  and  undertaking  follow-up  studies  of  exposed  popu- 
lations or  individuals. 

Another  important  recent  trend  is  the  growing  awareness  of  the  importance  of 
the  social  and  psychological  consequences  of  pulmonary  disease.  This  is  evi- 
dent in  the  greater  emphasis  on  "quality  of  life"  in  assessing  the  efficacy 
of  treatment  in  various  clinical  trials. 

Although  basic  studies  of  the  effects  of  cigarette  smoking  have  revealed  im- 
portant information  about  its  role  in  altering  specific  lung  cells  and  enzyme 
systems,  other  aspects  of  the  pervasive  problem  of  smoking  are  still  elusive. 
The  effects  of  cigarette  smoking  on  nonsmokers,  a  question  with  implications 
for  public  policy,  is  being  extensively  studied.  But  few  hard  data  are  avail- 
able to  confirm  the  widely  held  impression  that  nonsmokers  are  harmed  by 
cigarette  smoke  in  the  environment.  Interest  in  behavioral  studies  is  also 


increasing  because  investigators  are  challenged  by  the  baffling  fact  that 
many  persons  successfully  stop  smoking  on  their  own,  while  others,  who  turn 
to  smoking  cessation  clinics  for  help,  have  short-term  success  but  usually 
return  to  the  smoking  habit. 

III.  HIGHLIGHTS  OF  RECENT  SCIENTIFIC  ADVANCES 

This  section  identifies  some  important  advances  reported  by  investigators 
within  the  past  2  years.  Because  of  the  dimensions  of  the  Division's  re- 
search program  and  the  breadth  of  emphasis  of  the  investigations  it  supports, 
this  summary  fails  to  do  justice  to  the  many  investigators  whose  work  cannot 
be  represented  in  this  brief  account.  Some  of  their  accomplishments  have 
been  covered  in  prior  reports,  others  will  be  presented  in  the  future. 

Risk  Factors 


Several  findings  of  considerable  interest  have  emerged  from  studies  of  host 
factors  that  predispose  individuals  to  respiratory  disorders,  and  of  environ- 
mental factors  that  increase  risk  of  such  disorders  in  exposed  persons.  A 
challenging  question  is  why  some  persons  exposed  to  environmental  hazards  de- 
velop respiratory  disease,  while  others,  similarly  exposed,  remain  free  of 
disease. 

Among  host  factors  believed  to  modify  susceptibility  are  differences  in  im- 
munologic characteristics  of  individuals.  A  striking  example  of  individual 
differences  has  been  found  in  pigeon  breeders.  All  those  with  pigeon  breeder's 
disease  (a  form  of  hypersensitivity  pneumonitis)  and  about  half  of  those  free 
of  this  disease  had  serum  antibodies  against  the  antigens  from  pigeon  drop- 
pings. Hence,  the  serum  antibodies  indicate  exposure  but  not  presence  of 
disease.  It  was,  however,  possible  to  discriminate  between  sick  and  well 
breeders  through  studies  of  cellular  immunity  in  lymphocytes  obtained  by  lung 
lavage.  Lung  lymphocytes  of  sick  breeders  responded  to  pigeon  antigen  whereas 
lymphocytes  of  well  breeders  did  not,  indicating  differecnes  in  cellular  im- 
munity in  these  two  types  of  individual.  It  is  also  of  interest  that  there 
are  individual  differences  in  the  course  of  the  disease,  some  sick  breeders 
maintaining  a  stable  course  despite  continued  exposure  to  the  antigen,  while 
others  show  progressive  deterioration.  It  has  now  been  shown  that  initial 
tests  of  pulmonary  function  can  be  used  to  predict  the  course  of  the  disease. 
Those  with  abnormal  pulmonary  function  on  initial  tests  tend  to  deteriorate 
over  the  years,  whereas  those  with  normal  pulmonary  function  are  likely  to 
maintain  a  stable  course  even  when  exposure  to  pigeon  antigen  continues. 

In  the  past  few  years  a  variety  of  studies  of  individual  differences  in  ven- 
tilatory responses  to  physiologic  stresses  have  revealed  a  familial  tendency 
in  these  responses  that  affects  the  individual's  capacity  to  resist,  or  cope 
with,  respiratory  disease.  Among  recent  observations,  of  particular  interest 
is  evidence  for  a  familial  tendency  to  defective  ventilatory  responsiveness 
that  appears  to  be  a  predisposing  factor  for  sudden  infant  death  syndrome. 
Previous  comparisons  of  identical  and  nonidentical  twins,  of  offspring  of 
hypoventilating  and  nonhypoventilating  patients  with  chronic  obstructive  lung 


disease,  and  of  nonathletic  parents  and  siblings  of  successful  endurance  ath- 
letes who  have  decreased  ventilatory  drive,  all  point  to  the  existence  of  a 
familial  determinant  of  diminished  ventilatory  drive.  In  a  recent  study,  the 
ventilatory  responses  of  a  group  of  parents  whose  children  were  victims  of 
sudden  infant  death  syndrome  were  compared  with  the  responses  of  a  group  of 
parents  with  no  family  history  of  this  syndrome.  On  the  basis  of  two  proce- 
dures that  increase  ventilatory  responses  in  normal  subjects,  the  investiga- 
tors found  significantly  lower  ventilatory  responses  in  the  group  of  parents 
of  infants  who  died  of  sudden  infant  death  syndrome  than  in  the  control  group. 
These  observations  suggest  that  persons  who  manifest  low  ventilatory  responses 
to  carbon  dioxide  and  to  increased  airway  resistance  (the  two  test  procedures 
used  in  the  study)  may  be  at  risk  of  having  children  susceptible  to  sudden  in- 
fant death  syndrome. 

Several  recent  studies  point  to  a  relationship  between  individual  differences 
in  reactivity  of  the  airways  and  a  number  of  lung  disorders.  In  an  epidemio- 
logic study  to  determine  the  relative  importance  of  different  risk  factors 
for  development  of  airways  obstruction,  hyperreactivity  of  the  airways  (de- 
termined by  methacholine  challenge)  was  found  to  be  more  frequent  in  sons  of 
patients  with  chronic  obstructive  pulmonary  disease  than  in  sons  of  a  control 
group  without  this  disease.  These  observations  suggest  that  a  familial  com- 
ponent of  airway  obstruction  is  related  to  airway  hypersensitivity,  and  that 
a  test  of  reactivity  may  provide  a  sensitive  index  of  risk  for  developing 
chronic  obstructive  disease  of  the  lung.  These  findings  are  consistent  with 
observations  from  a  natural  history  study  of  airways  obstruction  in  nonsmokers 
in  a  rural  population  minimally  exposed  to  air  pollution.  In  this  population, 
a  history  of  asthma  (which  is  typified  by  airway  hyperreactivity)  was  signi- 
ficantly associated  with  progressive  ventilatory  deterioration  and  with  mor- 
tality. An  association  has  also  been  found  between  a  family  history  of  as- 
thma and  development  of  bronchopulmonary  dysplasia  in  a  group  of  39  infants 
who  survived  neonatal  respiratory  distress  syndrome.  Of  the  17  infants  who 
developed  bronchopulmonary  dysplasia,  75  percent  had  family  members  with  a 
history  of  physician-diagnosed  asthma,  and  59  percent  had  family  members  who 
had  been  hospitalized  for  asthma  because  of  its  severity.  In  contrast,  among 
the  22  infants  who  survived  neonatal  respiratory  distress  syndrome  but  did 
not  develop  bronchopulmonary  dysplasia,  only  33  percent  had  family  members 
with  diagnosed  asthma,  and  only  14  percent  had  family  members  who  had  been 
hospitalized  because  of  it. 

Despite  vigorous  public  debate  about  policies  to  shield  nonsmokers  from  expo- 
sure to  cigarette  smoke,  there  are  few  hard  data  to  support  the  view  that 
"passive  smokers"  are  at  increased  risk  of  emphysema  and  chronic  bronchitis. 
A  recent  study  provides  the  first  quantified  evidence  that  nonsmokers  exposed 
for  20  or  more  years  to  cigarette  smoke  in  their  workplace  have  a  small,  but 
statistically  significant,  diminution  in  function  of  the  small  airways.  This 
evidence  of  a  physiologic  change  does  not,  however,  answer  the  question  of 
whether  such  individuals  are  at  greater  than  average  risk  of  chronic  diseases 
of  the  lung.  Another  study  addressed  to  this  issue  examined  the  children  of 
smoking  parents.  An  effect  on  lower  levels  of  pulmonary  function  and  on  the 
symptom  of  wheezing  in  children  5  to  10  years  of  age  was  significantly  asso- 
ciated with  level  of  parental  smoking.  The  association  with  wheezing  was 


present  in  children  who  had  never  had  a  diagnosis  of  asthma  as  well  as  in 
those  with  diagnosed  asthma. 

Diagnosis 

A  variety  of  approaches  are  being  addressed  to  development  of  (1)  more  reli- 
able as  well  as  more  sensitive  measures  of  pulmonary  function,  (2)  diagnostic 
techniques  that  are  suitable  for  children  who  are  too  young  and  for  patients 
who  are  too  ill  to  cooperate  in  use  of  standard  diagnostic  procedures,  and 
(3)  tests  that  can  be  used  repeatedly  to  monitor  the  course  of  a  disease  and 
progress  during  therapy.  Some  innovations  are  modifications  of  widely  used 
methods,  others  have  drawn  on  recent  advances  in  knowledge  of  the  biochemical 
and  immunologic  alterations  associated  with  specific  diseases. 

Among  noteworthy  advances  in  development  of  noninvasive  techniques  for  assess- 
ing lung  function  is  a  canopy  that  incorporates  a  spirometer  and  is  combined 
with  a  computer  system.  It  has  the  advantage  of  eliminating  the  need  for  the 
mouthpiece  that  is  used  in  other  types  of  spirometry,  and  can  be  used  to  moni- 
tor changes  in  breathing  volumes  and  flow  rates  in  severely  ill  patients  dur- 
ing the  course  of  therapy.  Another  noninvasive  approach  uses  full-chest 
fluoroscopy  that  permits  examination  of  patients  while  maneuvers  associated 
with  pulmonary  function  tests  are  carried  out.  Changes  in  regional  volumes 
at  various  lung  volumes  and  in  various  positions  are  now  being  studied. 

Because  compliance  (extensibility)  of  the  lung  diminishes  in  chronic  obstruc- 
tive and  fibrotic  lung  diseases,  techniques  that  measure  early  changes  in  this 
mechanical  property  are  of  considerable  importance,  especially  if  they  can  be 
performed  noninvasively.  Particularly  promising  are  methods  that  introduce  a 
sound  wave  into  the  airv/ay  and  measure  its  transmission  or  reflection  in  the 
tracheobronchial  tree.  Improvements  in  this  technique  may  make  it  possible 
to  distinguish  between  changes  in  large  and  small  airways,  and  a  recent  ad- 
vance that  uses  a  random  noise,  instead  of  a  wave  of  a  single  frequency,  can 
provide  data  in  a  few  seconds.  These  techniques  are  of  special  value  in 
studies  of  small  children,  and  should  be  applicable  in  epidemiologic  surveys, 
or  to  screen  population  groups  for  disease. 

Several  research  groups  are  refining  transcutaneous  methods  that  permit  con- 
tinuous assessment  of  arterial  oxygen  and  carbon  dioxide  pressures  without 
the  need  for  arterial  catheters  or  repeated  withdrawal  of  blood  samples.  Al- 
though skin  sensors  are  commerically  available,  they  have  shortcomings  that 
are  being  corrected  in  studies  of  new  probes  and  sensor  designs. 

Biochemical  and  immunologic  markers  are  a  valuable  clue  to  alterations  as- 
sociated with  specific  diseases  and  have  the  advantage  of  being  identifiable 
in  small  samples  of  serum,  urine,  or  lung  lavage  fluid.  A  sensitive  spectro- 
photometric  assay  has  demonstrated  an  increase  in  levels  of  angiotensin- 
converting  enzyme  in  the  serum  of  patients  with  sarcoidosis,  a  granulomatous 
disease  that  is  difficult  to  diagnose  in  its  early  phases.  The  observation 
that  enzyme  levels  appear  to  correlate  with  severity  of  disease,  and  to  de- 
crease in  patients  undergoing  conventional  therapy,  suggests  its  potential 
value  in  monitoring  the  clinical  course  in  patients  with  sarcoidosis.  Another 


enzyme  of  potential  diagnostic  value  is  collagenase,  which  digests  the  struc- 
tural protein  collagen.  It  is  found  in  lung  lavage  fluid  from  patients  with 
idiopathic  pulmonary  fibrosis  but  not  in  lung  fluids  of  normal  subjects.  The 
presence  of  collagenase  suggests  that  collagen  degradation,  followed  by  dis- 
ordered synthesis,  may  be  important  in  the  pathogenesis  of  this  type  of  fi- 
brosis, which  is  still  of  unknown  etiology.  The  enzyme  collagenase  may  also 
prove  useful  in  monitoring  the  progression  of  the  disease  process. 

A  radioimmunoassay  for  desmosine  and  isodesmosine  offers  a  promising  approach 
to  early  detection  of  elastin  breakdown  in  emphysema.  These  peptide  frag- 
ments, which  are  unique  as  crosslinks  in  the  elastin  molecule,  are  being  in- 
tensively investigated  in  animals  and  humans  to  quantify  their  levels  in 
plasma  and  urine.  These  studies  are  a  first  step  to  development  of  what  may 
be  an  inexpensive,  noninvasive  way  to  diagnosing  emphysema  in  its  early  stages. 

A  simple  physical  test  for  assessing  the  viscosity  of  amniotic  fluid  has  been 
shown  to  predict  reliably  whether  the  neonate  is  likely  to  develop  respira- 
tory distress  syndrome.  The  procedure  is  simple  enough  to  be  performed  at 
the  bedside  by  the  attending  physician  or  even  by  nonprofessional  personnel , 
requires  only  about  20  drops  of  amniotic  fluid  and  is  a  great  improvement 
over  assessment  of  the  widely  used  L/S  (lecithin/sphingomyelin)  ratio. 

Therapy 

The  problems  of  treating  and  managing  patients  with  respiratory  diseases  are 
of  such  complexity  that  definitive  solutions  are  difficult  to  achieve.  Some 
of  the  problems  are  being  addressed  through  clinical  trials,  others  are  being 
explored  through  fundamental  studies  of  agents  of  potential  value  in  therapy. 
Under  examination  are  confounding  factors,  such  as  individual  constitutional 
and  psychologic  differences,  that  influence  the  outcome  of  a  given  mode  of 
therapy.  Neurophysiologic  and  psychological  assessments  are  also  being  used 
to  determine  how  different  modes  of  therapy  affect  the  patient's  life. 

Current  clinical  trials  of  intermittent  positive  pressure  breathing  (IPPB) 
and  nocturnal  oxygen  therapy  for  chronic  obstructive  lung  disease,  and  of  an- 
tenatal steroid  therapy  for  prevention  of  neonatal  respiratory  distress  syn- 
drome, are  on  schedule  but  the  data  are  still  blinded. 

With  the  long-term  goal  of  developing  a  replacement  therapy  for  individuals 
deficient  in  alpha-1-antitrypsin,  researchers  are  addressing  various  aspects 
of  this  problem.  Elastase  inhibitors  with  a  longer  half-life  than  naturally 
occurring  compounds  have  been  synthesized  and  shown,  in  animal  studies,  to 
reduce  the  severity  of  experimentally-induced  emphysema.  A  recently  deve- 
loped carrier  system  of  albumin  microspheres  delivers  these  inhibitors  di- 
rectly to  the  lung  and  has  been  found  to  increase  the  effectiveness  and  de- 
crease the  side  effects  of  the  inhibitors  in  animals. 

A  3-year  exploratory  study  of  normal  male  subjects,  to  determine  whether  the 
movement  of  gas  in  and  out  of  the  lung  can  be  improved  through  exercise  train- 
ing of  ventilatory  muscles,  has  given  encouraging  results  and  is  now  being 


extended  to  a  group  of  patients  with  chronic  obstructive  lung  disease.  More- 
over, a  simple,  inexpensive  device  has  been  built  that  allows  the  patient  to 
continue  the  ventilatory  muscle  training  at  home,  after  completion  of  the 
testing  program.  These  patients  will  be  followed  for  several  years  to  deter- 
mine the  efficacy  of  the  home  treatment. 

A  study  in  progress  for  some  years  has  now  advanced  to  the  point  of  develop- 
ing a  "battery  of  asthma  illness  behavior"  that  enables  investigators  to 
identify  personal  styles  or  behavior  patterns  that  can  defeat  medical  regi- 
mens. The  battery  provides  the  basis  for  predicting  whether  a  given  patient 
is  likely  to  use  anti-asthma  medications  in  ways  that  are  potentially  dan- 
gerous to  himself,  misleading  to  his  physician,  and  a  threat  to  his  medical 
management. 

There  is  mounting  evidence  that  adequate  nutrition  is  essential  to  the  main- 
tenance of  normal  function  of  muscles  of  the  diaphragm,  ribs  and  chest  vyall, 
all  involved  in  normal  breathing.  It  has  recently  been  reported  that  inade- 
quate nutrition  in  patients  with  respiratory  disease  compromises  their  abi- 
lity to  cope  with  the  disorder.  Moreover,  in  patients  with  no  disease  of  the 
lung  or  chest  wall,  but  who  have  severe  nutritional  disturbances  from  disease 
elsewhere  in  the  body,  performance  in  routine  breathing  tests  is  reduced  and 
the  strength  and  endurance  of  their  respiratory  muscles  is  about  one-half 
normal.  These  are  important  findings  because,  when  sufficiently  severe, 
breathing  impairment  may  result  in  acute  respiratory  failure.  Another  study 
points  to  the  complexity  of  the  problem  of  achieving  optimal  nutritional ,  as 
carbohydrate  loading  in  patients  with  compromised  pulmonary  function  was 
found  to  cause  an  increase  in  carbon  dioxide  levels  that  can  precipitate  res- 
piratory distress. 

IV.  REPORTS  OF  WORKSHOPS,  MEETINGS,  OTHER 

A.  Workshop  Reports 

•  Report  of  Workshop  on  Bronchopulmonary  Dysplasia 
December  4-6,  1978 

NIH  Publication  No.  80-1660 

.  Report  of  Workshop  on  Mechanics  of  Lung  Parenchyma 
September  23-25,  1979 
NIH  Publication  No.  80-2109 

B.  Evaluative  Reports 

•  Evaluative  Report  on  Completed  Contracts  Awarded  in  Response 
to  RFP  NHLI-75-5:  Identification  of  Lung  Cells 

NIH  Publication  No.  79-1664 

.  Evaluative  Report  on  Completed  Contracts  Awarded  in  Response 
to  RFP  NHLI-74-7:  Development  of  an  In  Vitro  Diagnostic  Test 
for  Sarcoidosis 
NIH  Publication  No.  79-1668 


C.  Other  Reports 

•  Excerpts  from  Pulmonary  SCOR  Progress  Reports  (5  Volumes) 
October  1,  1979  (Limited  distribution) 

•  Report  to  National  Heart,  Lung,  and  Blood  Advisory  Council 
November  29-30,  1979  (Limited  distribution) 

•  Report  of  Lung  Cell  and  Organ  Culture  Course:  M.  Alton 
Jones  Cell  Science  Center 

November  13-16,  1979  (Limited  distribution) 

•  Extracorporeal  Support  for  Respiratory  Insufficiency:  A 
Collaborative  Study  in  Response  to  RFP  NHLI-73-20 
December  1979  (Limited  distribution) 

•  National  Heart,  Lung,  and  Blood  Institute,  Division  of  Lung 
Diseases  Program  Report:  Fiscal  1979 

NIH  Publication  No.  79-1659 


V.  MAJOR  PROBLEM  AREAS 

The  problems  identified  below  are  the  same  as  those  reported  last  year.  The 
situation  has  become  even  more  critical  in  the  interim  since  the  1979  report. 

A.  Funds  for  a  Prevention  and  Control  Program 

A  problem  that  is  not  new,  but  has  assumed  greater  importance  since 
the  report  of  the  Task  Force  on  Prevention,  Control,  and  Education 
in  Respiratory  Diseases  has  been  issued,  is  the  absence  of  funds 
specifically  appropriated  for  a  program  that  was  authorized  in  the 
Act  of  1972. 

To  the  greatest  extent  possible,  the  Division  of  Lung  Diseases,  has 
drawn  upon  funds  for  research  to  develop  a  prevention  and  control 
program.  However,  any  further  development  would  compromise  the  re- 
search grant  program,  unless  additional  funds  are  made  available 
for  the  prevention  and  control  effort. 

B.  Funds  for  New  Initiatives 

Because  the  Division  is  committed  to  investigator-initiated  research 
as  its  first  priority,  and  because  the  number  of  research  grant  ap- 
plications addressed  to  pulmonary  diseases  has  markedly  increased 
within  the  past  two  years,  it  is  now  very   difficult  to  assign  funds 
for  activities  that  are  necessary  to  fill  gaps  in  research  areas 
that  still  need  attention  and  that  are  important  to  national  health. 
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ANNUAL  REPORT 

DIVISION  OF  BLOOD  DISEASES  AND  RESOURCES 
NATIONAL  HEART,  LUNG,  AND  BLOOD  INSTITUTE 

October  1,  1979  Through  September  30,  1980 

The  Division  of  Blood  Diseases  and  Resources  seeks  to  improve  the  prevention, 
diagnosis,  and  treatment  of  blood  diseases  and  related  disorders  and  to 
assure  the  appropriate,  efficient,  and  safe  use  of  an  adequate  supply  of  high 
quality  blood  and  blood  products.   Its  programs  deal  with  four  major  areas: 
(1)  Thrombosis  and  Hemostasis,  (2)  Red  Blood  Cell  Disorders,  (3)  Sickle  Cell 
Disease,  and  (4)  Blood  Resources.   Each  program  encompasses  fundamental  and 
clinical  research;  targeted  applied  research;  professional  development  and 
training;  and  prevention,  education,  and  control  activities.   The  aim  at  all 
times  is  the  rapid,  but  orderly,  development  and  application  of  new  knowledge 
so  as  to  reduce  morbidity,  mortality,  and  the  costs  of  health  care.   To  best 
use  its  scarce  resources,  the  Division  actively  coordinates  its  efforts  with 
those  of  other  federal  and  nonfederal  agencies  and  organizations.   In  develop- 
ing and  supporting  its  programs,  the  Division  of  Blood  Diseases  and  Resources 
seeks  to  use  all  appropriate  support  mechanisms  including:   investigator- 
initiated  research  projects;  program  project  grants;  goal-oriented  centers 
such  as  Specialized  Centers  of  Research  (SCORs),  and  a  National  Research 
and  Demonstration  Center;  targeted  research  and  development  contracts;  and 
evaluation  and  technology  transfer  projects.   The  long-range  objectives  of 
each  Division  program  and  highlights  of  fiscal  year  1980  progress  toward  the 
attainment  of  these  objectives  are  summarized  in  the  following  paragraphs. 

THROMBOSIS  AND  HEMOSTASIS 

The  long-range  objective  of  this  program  is  to  develop  new  knowledge  which 
could  be  applied  to  prevention,  diagnosis,  and  treatment  of  thrombosis  and 
hemorrhage.   The  program  has  three  subprograms.   (1)  Thromboembolic  Disorders: 
This  subprogram  covers  both  arterial  and  venous  thrombosis.   Although  the 
problems  posed  by  these  two  disorders  differ  in  many  ways,  elucidation  of 
hemostatic  mechanisms,  including  the  roles  of  soluble  clotting  factors  and 
their  inhibitors  as  well  as  platelets  and  their  secreted  products,  is  impor- 
tant to  both.   The  ultimate  goal  is  the  reduction  of  mortality  and  morbidity 
from  venous  thrombosis  and  occlusive  arterial  thrombi.   (2)  Hemorrhagic  Dis- 
orders :   This  subprogram  supports  studies  involving  all  aspects  of  the 
inherited  bleeding  disorders  and  also  encourages  basic  research  involving 
acquired  disorders  of  coagulation.   The  overall  goal  is  to  develop  a  better 
understanding  of  the  genetic  and  pathologic  mechanisms  underlying  hemophilia 
and  other  bleeding  disorders  so  as  to  develop  improved  diagnostic  techniques 
and  more  effective  specific  treatments.   (3)  Platelet  Disorders;   This  sub- 
program sponsors  studies  involving  platelet  function  in  relation  to  platelet 
disorders.   The  goals  are  to  develop  new  knowledge  of  functional  roles  of 
platelets  in  the  human  biological  defense  mechanisms  and  to  apply  this  know- 
ledge to  the  development  of  more  effective  therapies  for  individuals  suffer- 
ing from  congenital  and  acquired  platelet  disorders. 


Highlights 

Some  hemophiliacs  develop  inhibitors  which  block  the  effects  of  the 
antihemophilic  factor  VIII.   Although  factor  VIII  in  large  amounts 
and  a  blood  component  called  prothrombin  complex  concentrate  (PCC) 
both  exert  a  therapeutic  effect  and  neither  is  completely  satisfactory. 
A  just-completed  study  shows  that  many  of  these  patients  experience 
reduced  pain  and  less  bleeding  into  joints  when  given  PPC  rather  than 
factor  VIII. 

An  intricate  balance  is  required  among  the  numerous  factors  contributing 
to  coagulation.  A  recent  study  demonstrated  that  the  measurement  of  the 
action  of  two  factors,  thrombin  and  plasmin,  in  plasma  may  help  identify 
patients  with  an  imbalance  which  increases  their  risk,  of  thrombosis. 

Anti thrombin  III  (ATIII)  is  a  glycoprotein  which  inhibits  thrombin  and 
other  proteolytic  enz3mies  involved  in  blood  coagulation,  fibrinolysis, 
and  in  the  plasma  kallirein  and  complement  systems.   Basic  research 
has  elucidated  much  about  the  structure,  function,  and  processes  of 
this  protein  including  the  discovery  that  antithrombin  III  represents 
a  new  family  of  plasma  inhibitor  structures.   In  vivo,  much  as  been 
learned  about  how  ATIII  regulates  thrombin.   Stemming  from  this  new 
knowledge  is  the  hypothesis  that  ATIII  may  act  in  the  early  steps  of 
the  coagulation  cascade  and  that  this  action  may  be  greatly  magnified 
by  the  endpoints  of  clot  formation  and  degradation. 

RED  BLOOD  CELL  DISORDERS  (EXCLUSIVE  OF  SICKLE  CELL  ANEMIA)- 

This  program  is  concerned  with  the  development  of  new  knowledge  in  the  areas 
of  Cooley's  anemia  and  aplastic  and  refractory  anemias,  as  well  as  hemolytic 
anemias.   It  is  composed  of  three  subprograms.   (1)  Cooley's  Anemia  and  Other 
Hemoglobin  Disorders:   The  long-range  goals  are  to  improve  patient  treatment 
and  extend  the  life  span  of  afflicted  individuals,  as  well  as  to  improve  the 
quality  of  life  of  victims  of  these  disorders;  to  further  elucidate  basic 
defects,  both  genetic  and  biochemical,  as  a  basis  for  developing  techniques 
which  can  cure  or  prevent  disease;  to  develop  an  understanding  of  the  basic 
pathogenic  mechanisms  underlying  the  clinical  aspects  of  the  hemoglobin- 
opathies; and  to  expand  our  understanding  of  the  mechanisms  of  control  of 
oxygen  transport.   (2)  Erythropoiesis :   The  long-range  objectives  are  to 
apply  the  knowledge  gained  from  studies  on  erythropoiesis  to  the  cure  of 
stem  cell  disorders,  such  as  aplastic  anemia,  and  other  disorders  of  red 
blood  cell  production;  and  to  obtain  adequate  supplies  of  erythropoietin 
for  research  and  clinical  use.   (3)  Red  Blood  Cell  Membrane  Enzyme  Systems: 
The  long-range  goals  are  to  further  elucidate  red  cell  membrane  structure 
and  function  as  well  as  gain  additional  insight  into  the  process  of  intra- 
cellular metabolism;  and  to  use  this  information  to  improve  the  health  of 
patients  afflicted  with  various  hemolytic  anemias. 


Highlights 

Patients  with  Cooley's  anemia  are  treated  with  frequent  transfusions. 
As  a  result,  excess  iron  collects  in  various  organs.   Desf errioxamine 
(DF)  is  an  iron  chelating  agent  used  to  remove  this  excess  iron.   Currently, 
the  mode  of  administration  of  the  DF  is  subcutaneous  infusion  that  takes 
several  hours.   Recent  study  results  suggest  that  a  more  effective  mode 
of  administration  may  be  packing  the  DF  in  the  ghosts  (membrane  shells) 
of  red  cells.   Data  show  that  one  unit  of  DF  in  red  cells  removes  nine 
times  as  much  iron  as  DF  administered  by  current  methods. 

Iron  deficiency,  and  the  resulting  anemia,  affects  between  10  and  20  percent 
of  the  world's  population.   A  procedure  combining  assays  for  hemoglobin, 
transferrin  saturation,  free  erythrocyte  protoporphyrin,  and  serum  ferritin 
has  been  developed  to  evaluate  a  population  in  regard  to  concentrations  of 
iron  in  the  blood  and  to  the  causes  of  such  amounts.   This  procedure  may  be 
particularly  useful  for  evaluating  the  effectiveness  of  iron  supplementation 
and  fortification  programs. 


SICKLE  CELL  DISEASE 

The  mission  of  this  program  is  to  reduce  morbidity  and  mortality  caused 
by  sickle  cell  disease.   The  long-range  objectives  are  to  continue  basic 
research  into  the  pathophysiology  of  the  disease  process  at  the  molecular, 
cellular,  and  clinical  levels;  to  develop  improved  methods  of  clinical  care; 
to  develop  a  more  rational  approach  to  patient  management  based  on  the  latest 
scientific  advances;  to  provide  accurate,  up-to-date  information  to  health 
care  providers  and  consumers;  and  to  evaluate  the  effectiveness  of  education, 
screening,  and  counseling  programs. 

Highlights 

Advances  in  the  use  of  specific  restriction  endonucleases  to  dissect,  with 
precision,  the  nucleic  acid  sequences  of  genes  are  rapidly  leading  toward 
the  development  of  techniques  for  the  prenatal  diagnosis  of  not  only  sickle 
cell  disease  but  also  other  hereditary  hemoglobinopathies  such  as  Cooley's 
anemia.   Because  amniotic  fluid  samples  rather  than  fetal  blood  samples  are 
used,  the  safety  of  these  diagnostic  procedures  is  greatly  improved. 

The  abnormal  shape  and  rigidity  of  the  sickled  erythrocyte  have  generally 
been  held  responsible  for  the  microvascular  occlusions  of  sickle  cell 
disease.   Because  there  is  no  correlation  between  the  clinical  severity 
of  this  disease  and  the  presence  of  sickled  erythrocytes,  it  has  long  been 
suspected  that  other  factors  must  be  involved  in  regulating  the  interaction 
between  cells  or  between  cells  and  capillary  walls.   Recently,  investigators 
have  found  that  sickle  cells  adhere  to  the  vascular  endothelium  much  more 
strongly  than  normal  erythrocytes.   This  adherence  may  be  a  pathogenetic 
factor  in  the  microvascular  occlusions  characteristic  of  sickle  cell  disease. 
This  raises  the  possibility  that  vasocclusion  may  be  controlled  not  only 
by  interfering  with  sickling,  but  by  some  mechanism  which  renders  the  cells 
less  "sticky." 


BLOOD  RESOURCES  ' 

The  mission  in  blood  resources  is  directly  related  to  the  National  Blood 
Policy  goal  of  an  adequate  supply  of  high  quality  blood  and  blood  products. 
In  pursuit  of  this  goal,  the  blood  resources  program  supports  activities  to 
improve  donor  and  recipient  safety,  blood  component  therapy,  transplantation 
biology,  blood  substitutes,  and  all  aspects  of  the  management  of  blood 
resources  including  collection,  fractionation,  preservation,  and  distribution. 
This  program  consists  of  five  subprograms  with  the  following  objectives.      \ 
(1)  Blood  Resources  Management:   Foster  the  efficient  use  and  assure  an 
adequate  supply  of  high  quality  blood  and  blood  products;  promote  more 
effective  planning  in  the  management  of  the  national  blood  resource  through 
collection  and  analysis  of  national  blood  resource  data;  and  encourage        ! 
improved  blood  resource  sharing  both  regionally  and  nationally.   (2)  Blood     j 
Safety:   Promote  basic  investigations  centering  on  immunohematologic  problems  | 
particularly  concerning  blood  group  antigens  and  antibodies,  the  RH  complex, 
and  red  cell  antibody  and  complement  interactions;  promote  studies  to  eliminate 
hepatitis  as  a  transfusion-transmitted  disease;  and  promote  studies  that  will 
lead  to  greater  safety  for  donors  of  blood  and  blood  components.   (3)  Blood    | 
Substitutes :   Pursue  further  development  of  newly  synthesized  fluorocarbon     j 
compounds  for  use  as  blood  substitutes  in  transfusion  therapy,  organ  per- 
fusion, and  other  promising  applications.   (4)  Blood  Component  Therapy: 
Develop  definitive  guidelines  for  the  clinical  use  of  blood  components 
including  packed  cells,  albumin,  granulocytes,  and  platelet  concentrates; 
explore  use  of  buffy  coat  as  a  source  of  human  interferon;  and  develop  new 
methods  for  plasma  fractionation,  including  preparation  of  chemically  useful  ^ 
trace  components.   (5)  Transplantation  Biology:   Support  fundamental  research  ; 
in  immunology,  immunogenetics ,  and  other  aspects  of  transplantation  biology. 

Highlights 

Post-transfusion  hepatitis  develops  in  approximately  seven  to  ten  percent 
of  blood  recipients  or  between  200,000  and  300,000  persons  annually. 
Ninety  percent  of  these  cases  are  non-A,non-B  (NANB)  hepatitis  for  which 
the  causative  agent(s)  are  unknown.   However,  a  collaborative  study  has 
shown  that  blood  containing  elevated  levels  of  the  enzyme  alanine  amino- 
transferase (ALT)  causes  a  high  risk  of  infection  for  NANB  hepatitis. 
Therefore,  screening  blood  samples  for  ALT  may  be  useful  as  an  interim 
assay  for  reducing  the  incidence  of  post-transfusion  hepatitis. 

The  first  activated-carbon  hemoperfusion  device  designed  specifically 

for  rescue  and  life  support  of  young  children  suffering  from  ingestion 

of  poison(s)  has  been  developed  and  is  being  tested  in  vivo  and  in  vitro.    A 

The  availability  of  this  device  could  help  reduce  the  annual  toll  of         " 

children's  lives  and  health  caused  by  ingestion  of  household  cleaners, 

pesticides,  and  drugs. 


(i 


PROFESSIONAL  TRAINING  AND  DEVELOPMENT 

As  a  focus  of  blood  research  training,  the  Institute  cooperates  with  other 
NIH  Institutes,  professional  societies,  and  other  Governmental  agencies 
to  carry  out  a  continuing  assessment  of  the  national  personnel  needs  for 
research  in  blood  diseases  and  blood  resources.   To  assist  in  meeting 
these  needs,  the  Institute  currently  supports  188  trainees  in  blood 
diseases  and  resources. 
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The  Division  of  Extramural  Affairs  is  responsible  for  formulating, 
coordinating  and  evaluating  IrLstitute-wide  policies  and  procedures 
for  research  contracts,  grants,  and  training  programs.  The  Division 
is  the  focal  point  for  providing  advice  to  the  Director,  NHLBI,  on 
research  contract,  grant,  and  training  program  policy  and  procedure. 
It  also  represents  the  Institute  on  overall  NIH  extramural  grant  and 
collaborative  program  policy  committees,  coordinates  such  policies 
within  NHLBI,  and  coordinates  all  of  the  Institute's  research  and 
training  program  activities  with  the  National  Heart,  Lung,  and  Blood 
Advisory  Council.  Other  major  responsibilities  of  the  Division 
include:   (a)  grant  and  contract  management  and  processing  services 
for  the  Institute,  (b)  initital  scientific  and  technical  merit 
review  of  certain  competing  grants  and  all  research  contracts  for 
the  Institute,  and  (c)  committee  management  functions  for  the  entire 
Institute. 

The  Division  continues  to  serve  as  the  primary  liaison  to  the 
National  Heart,  Lung,  and  Blood  Advisory  Council,  and  has  continued 
to  develop  procedures  and  mechanisms  to  facilitate  the  Council's 
review  of  programs  and  applications  and  the  review,  approval,  and 
implementation  of  new  initiatives  and  program  plans.  The  Council 
meets  at  least  four  times  a  year.  Several  Council  working  groups 
have  been  established  and  these  continue  to  contribute  significantly 
to  the  operation  of  the  Institute,  Some  of  these  working  groups 
emphasize  application  review  while  others  emphasize  program  review 
and  development. 

During  FY  1980  the  Division  continued  to  provide  a  broad  range  of 
services  for  the  entire  Institute.  These  included: 

1.  Initial  scientific  and  technical  merit  review  of 
competing  research  grant,  contract,  and  training  proposals. 

2.  Management  functions  for  research  grants,  contracts,  and 
training/ manpower  awards. 

3.  Maintenance  of  official  files  for  all  grant  and  contract 
programs,  including  regular  updating  to  keep  them  current. 

4.  Obtaining  all  final  reports  and  accomplishing  the  close  out 
of  terminated  grants  and  contracts. 

5.  Preparation  of  review  materials  for  Council,  staff,  and 
Institute  initial  review  groups. 


6.  Preparation  o£  official  and  summary  minutes  of  Council 
meetings  and  summary  statements  of  Special  Council  actions, 

7.  Operation  of  the  Program  Policy  and  Procedures  Office. 

8.  Committee  management  functions. 

The  initial  scientific  and  technical  merit  review  of  special  research 
grant  applications,  training  grant  applications,  and  research  and 
development  contract  proposals  has  continued  to  be  the  main  focus  of 
Review  Branch  activities.  In  FY  1980,  the  types  of  reviews  in  the 
grant  program  included: 

Pulmonary  Academic  Awards 

Preventive  Cardiology  Academic  Awards 

National  Research  Service  Awards  for  Institutional  Training  Grants 

Special  Enphasis  Research  Career  Award  CSERCA)  in  Diabetes 

Minority  Hypertension  Research  Development  Summer  Program 

Program  Project  Grants 

Conprehensive  Sickle  Cell  Center  Supplemental  Grants 

Specialized  Center  of  Research  (SCOR)  Grants:  I^ertension 

Specialized  Center  of  Research  (SCOR)  Grants:  Throjnbosis 

National  Research  and  Demonstration  Center  Program  (Supplement) 

Cooperative  Clinical  Trial  Research  Grants 

Research  Demonstration  and  Dissemination  Project  Grants 

Education  Project  Grants 

Conference  Grants 

Research  Project  Grants 

Continuing  Education  Training  Program 

Clinical  Investigator  Awards 

Studies  on  the  Role  of  the  Microcirculation  in  Hypertension  (RFA) 

Nutritional  Status  and  Nonrespiratory  Lung  Function  (RFA) 


In  addition,  numerous  new,  renewal,  and  unsolicited  contract 
proposals  were  reviewed. 

The  Review  Processing  Section  continued  to  perform  its  diverse 
functions  in  a  satisfactoiy  manner  in  spite  of  the  threat  of 
large  scale  down-gradings  and  personnel  changes.  This  threat  still 
lingers  and  has  had  a  serious  effect  on  the  morale  of  the  grants 
clerks  and  grants  technical  assistants  in  this  section. 

The  Grants  Operations  Branch  was  involved  in  the  Institute's  grant 
activities  from  the  pre-application  (planning)  stage  to  the  close- 
out  of  terminated  grant  projects.  Branch  staff  are  often  contacted 
by  grantee  institution  staff  concerning  the  best  method  of  presenting 
consortium  budgets j  requests  for  research  patient  care  costs,  alter- 
ations and  renovations,  etc.  The  Branch  was  also  actively  involved 
in  site  visits,  Council  preparation,  post  Council  -  pre-award  budget 
negotiations,  issuing  award  notices  (approximately  3,200  totaling  in 
excess  of  $347,000,000  for  all  the  Institute  programs)  as  well  as  the 
post  award  fiscal  and  administrative  management  of  those  awards.  The 
Branch  served  as  an  important  interdivisional  coordinator,  and  senior 
representatives  of  the  Branch  continued  to  be  effective  in  assisting 
NIH-OD  staff  in  the  development  and  analysis  of  NIH  grant  policy 
and  procedure.  The  Branch's  continued  efforts  to  improve  management 
practices  and  procedures  have  undoubtedly  resulted  in  considerable 
dollar  savings  for  the  Institute. 

The  Processing  Section  of  the  Grants  Operations  Branch  continued  to 
improve  the  maintenance  of  grant  files  (pending,  active,  terminated) 
and  continues  to  be  responsible  for  the  preparation  of  all  grant 
encumbrance  lists.  The  Section  also  received,  reviewed,  and  filed  or 
appropriately  forwarded  items  pertaining  to  NHLBI  grants  and  awards  (e.g., 
activation  notices,  appointment  forms,  and  day-to-day  correspondence). 
The  Section  was  also  responsible  for  the  preparation  of  Council  Books 
and  for  the  duplication  of  some  summary  statements  and  supplemental 
material.  The  Section  also  provided  information,  duplicated  from  the 
files,  to  the  Institute's  Privacy  Act  and  Freedom  of  Information 
Coordinators . 

The  Contracts  Operations  Branch,  responsible  for  the  administrative 
and  business  management  aspects  of  the  NHLBI  contract  program,  continues 
to  be  involved  in  a  variety  of  activities:  presolicitation,  solicitation, 
evaluation  of  proposals,  determination  of  conpetitive  range,  negotiation, 
award,  post  award  administration,  termination  and  closeout  of  completed 
contracts  awarded  by  the  Institute. 

During  FY  1980,  Secretary  Harris  has  continued  a  major  survey  of  the 
E^IHS  grants  and  contracts  program,  and  ordered  a  number  of  significant 
moves  to  correct  deficiencies  in  these  programs.  As  a  result,  fewer 
noncompetitive  contracts  are  awarded  by  DHHS  components  and  a  major 
shift  in  the  distribution  of  award  dates  will  occur.  To  more  evenly 


distribute  workload  throughout  the  fiscal  year,  an  effort  has  been 
mounted  to  reduce  the  number  of  awards  in  the  fourth  quarter  of  the 
fiscal  year.  New  restrictions  have  been  levied  upon  awarding  com- 
ponents limiting  them  to  awarding  no  more  than  501   of  contracts 
during  the  fiscal  year's  fourth  qLiarter.  No  more  than  12%  of  the  total 
may  be  awarded  during  each  of  the  last  three  months  of  the  fiscal  year. 

In  conjunction  with  Secretary  Harris'  initiatives,  a  program  has  con- 
tinued to  certify  contracting  officers  and  contract  specialists.  To  date, 
eleven  NHLBI  contract  specialists  have  been  certified.  The  contracts 
program  was  comprised  of  approximately  345  contracts  and  reimbursable 
agreements,  representing  approximately  $73,000,000  during  FY  1980.  The 
Branch  staff  continued  to  work  closely  and  effectively  with  the  program 
staff  but  with  the  appropriate  and  necessary  independence  that  denotes 
professionalism. 

Mr.  George  Campion  who  has  served  as  Section  Chief  and  Contracting 
Officer  in  the  Division  of  Lung  Diseases  Contracts  Section,  has  retired. 
Mr.  Douglas  Frye  has  been  chosen  as  his  successor  in  this  major  NHLBI 
research  contract  program. 

In  January  1980,  Dr.  W.  Glen  Moss  retired  as  the  Deputy  Director  of 
the  Division.  This  essential  position  has  remained  vacant  since  his 
departure,  and  we  have  still  not  received  permission  to  recruit  an  SES 
replacement.  This  has  placed  an  extremely  heavy  burden  on  the  Division 
Director;  the  Division  is  still  awaiting  the  go-ahead  to  begin  the  steps 
necessary  in  filling  this  vital  position. 

The  staff  has  continued  to  perform  in  excellent  fashion,  but  morale 
has  suffered  somewhat  both  from  the  threat  of  down-gradings  to  be 
carried  out  in  the  GS-301  series,  and  from  down-gradings  that  have 
actually  occurred.   It  is  hoped  that  the  NIH  will  be  successful  in 
ending  the  threat  of  these  down-gradings  in  the  GS-301  series. 

Overall,  the  Division  has  space  to  perform  its  various  missions 
although  the  space  in  the  Westwood  Building  is  still  spread  over 
four  floors  and  this  causes  considerable  inconvenience.  There  are 
two  specific  areas  where  space  needs  are  becoming  very  acute,  however. 
In  the  Processing  Section  of  the  Grants  Operations  Branch,  the  work- 
load relating  to  Council  preparation  has  continued  to  grow  so  that 
the  space  allotted  for  that  purpose  is  now  quite  cramoed.  In  the 
Contracts  Operations  Branch,  the  accommodations  for  staff  assigned  to 
the  Federal  Building  leave  much  to  be  desired. 

Staff  turnover  has  exceeded  the  expected  level,  but  we  have  managed 
to  fill  most  vacancies.  Additional  positions  for  understaffed  areas, 
especially  processing  units,  are  needed  to  insure  maximum  efficiency 
and  productivity. 
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INTRAMURAL  RESEARCH 

Project  Reports 

Laboratory  of  Biochemistry 

Summary 1 

Metabolism  of  the  branched-chain  amino  acid 17 

Kinetics,  regulation  and  mechanism  of  biochemical  reactions 21 

Cellular  regulation  of  enzyme  levels 30 

Protein  structure:   Enzyme  action  and  control 34 

Role  of  selenium  in  anaerobic  electron  transport  and  in  methane 

biosynthesis 45 

Stereochemical  studies  of  enzymatic  reactions  (5-deazaf lavin) 50 

Mechanisms  of  cellular  regulation  -  multiplemolecular  forms  of 

glutamine  synthetase 55 

Regulation  of  ammonia-assimilatory  enzymes  in  Escherichia  coli  K12 58 

Control  of  ^  vitro  assembly  of  microtubules 64 

Enzyme  mechanism  and  regulation  (title  modification) 68 

Inactivation  of  glutamine  synthetase 75 

Selenoproteins:   Synthesis  and  role  of  selenium 79 

Interaction  of  the  dye  cibacron  blue  F3GA  with  glutamine  synthetase 81 

Purification  of  an  enzyme  of  the  first  cycle  in  the  covalent  modifi- 
cation cascade  of  glutamine  synthetase  of  Escherichia  coli  (title 

change ) 87 

Control  of  adenylylation  of  glutamine  synthetase  in  permeabilized 

E.  coli  cells 90 

Development  of  a  pure  In  vitro  interconvertible  enzyme  cascade  system  94 
Menadione-dependent  p-nitrophenyl-phosphatase  of  Clostridium 

sticklandii 96 

Properties  of  8-hydroxy-5-deazaf lavin-dependent  NADP"*"  reductase 

from  Methanococcus  vannielii 99 

Control  of  enzyme  degradation 102 

Toxicity  and  transport  of  bilirubin 106 

Selenium  proteins  from  Clostridium  kluyveri 108 

Regulation  and  mechanism  of  glutamine  synthetase  in  E^  coli 110 

Purification  and  characterization  of  selenium-containing  transfer  RNAs  117 
Detection  of  proteins  in  procaryotes  and  eucaryotes  containing 

tyrosine  residues  modified  by  phosphate  or  nucleotide  phosphate 119 

Cardiology  Branch 

Summary 123 

The  natural  history  of  asymptomatic  or  mildly  symptomatic  patients 

with  coronary  artery  disease 131 

Smooth  muscle  myosin  light  chain  kinase 133 

The  natural  history  of  aortic  regurgitation 135 

Maintenance  of  a  computerized  clinical  data  bank  for  cardiology 

patients 138 

Phosphorylation  of  cardiac  myosin 140 

Ca'^"'"-dependent  enzymes  from  human  platelets 142 

Antiarrhythmic  effects  of  verapamil  in  patients  with  hypertrophic 

cardiomyopathy 144 

Hemodynamic  effects  of  verapamil  in  patients  with  hypertrophic 

cardiomyopathy 146 


Septal  disorganization  as  specific  marker  for  hypertrophic  cardio- 
myopathy    148 

Effect  of  nitroglycerin  in  patients  with  aortic  regurgitation  and 

LV  dysf unc tion ■ 150 

Long-term  hemodynamic  assessment  of  the  porcine  heterograft  in  the 

mitral  position:   Late  development  of  valvular  stenosis 152 

Verapamil:   A  new  approach  to  the  treatment  of  hypertrophic  cardio- 
myopathy   154 

Purification  of  myosin  light  chain  phosphatases 156 

Percutaneous  transluminal  coronary  angioplasty 158 

Unusual  locations  of  hypertrophy  2-D  echo  in  hypertrophic  cardio- 
myopathy   161 

Sudden  death  in  young  athletes 163 

Specificity  of  systolic  anterior  motion  of  the  anterior  mitral 

leaflet  ( SAIl) 165 

Distribution  of  hypertrophy  by  2-dimensional  echo  in  hypertrophic 

cardiomyopathy 167 

Cellular  disorganization  in  the  left  ventricular  wall  of  patients 

with  hypertrophic  cardiomyopathy 169 

NHLBI  -  Type  II  coronary  intervention  study 171 

Effects  of  verapamil  alone  and  combined  with  propranolol  on  left 
ventricular  systolic  function  in  patients  with  coronary  artery 
disease 173 

Effects  of  verapamil  on  left  ventricular  diastolic  filling  in 

coronary  artery  disease 175 

Left  ventricular  systolic  function  and  diastolic  filling  in  patients 

with  hypertrophic  cardiomyopathy:   Effect  of  verapamil 177 

Left  ventricular  diastolic  filling  in  patients  with  coronary  artery 

disease — • 179 

Predictive  value  of  exercise  capacity  and  ejection  fraction  response 
to  exercise  in  mildly  symptomatic  patients  with  coronary  artery 
d  i  sease 18 1 

Microsphere  "loss"  from  noninfarcted  myocardium:   implications  for 

measurement  of  blood  flow 183 

Blood  flow  to  surviving  and  infarcting  myocardium 185 

Effects  of  in  vivo  and  in  vitro  verapamil  on  in  vitro)  platelet 

aggregation 187 

The  irreversibility  of  sudden  death  post-myocardial  infarction 189 

Cardiac  electrical  instability  after  myocardial  infarction 191 

Difference  in  collateral  blood  flow  after  abrupt  vs.  gradual 

coronary  occlusions 193 

Sensitivity  and  specificity  of  radionuclide  angiography  in  coronary 

artery  disease 195 

Collateral  flow  reserve  in  surviving  subepicardium  after  non- 

transmural  inf  arc  tion 19  7 

Studies  with  antibodies  to  myosin  kinase  isolated  from  smooth  muscle —   199 

Role  of  phosphorylation  as  a  regulatory  mechanism  in  muscle 

contraction 201 

Effect  of  ischemia  on  myocardial  proteolysis 203 

Role  of  cellular  proteases  in  the  development  of  acute  myocardial 

infarction 205 

Proteolysis  in  normal  and  ischemic  myocardium:   Effects  of  antipain, 

pepstatin  and  chymostatin 207 

ii 


Effect  of  nifedipine  and  diltiazem  on  reperfusion  ventricular 

fibrillation '■ 209 

Determinants  of  arrhythmic  death  due  to  coronary  spasm:   Pre-existing 
coronary  stenosis  reduces  risk  of  VF  following  release  of  coronary 
occlusion • 211 

Ventricular  septal  contour  in  hypertrophic  cardiomyopathy:   Two- 
dimensional  echo  analysis 213 

24-Hour  ambulatory  EGG  monitoring  as  a  predictor  of  sudden  death  in 
hypertrophic  cardiomyopathy- 215 

Clinical  utility  of  plasma  verapamil  levels  in  patients  with  hyper- 
trophic cardiomyopathy — ■■ ■ — ■■ 217 

Clinical  efficacy  of  verapamil  alone  and  combined  with  propranolol 

in  treating  patients  with  chronic  stable  angina  pectoris 219 

Effects  of  varying  doses  of  verapamil  on  hemodynamics  and  myocardial 

collateral  blood  flow 221 

Laboratory  of  Cell  Biology 

Summary ■ ■ 223 

Potentiometric  studies  of  respiratory  components  of  E^  coli  and  rat 

liver— ■ ■ ~  229 

DNA  synthesis  in  E^  coli ~  232 

Further  characterization  of  the  large  fragment  from  the  -chain  of 

fibrinogen  (A  or  PI  peptide) • 235 

Circular  dichroic  studies  of  protein  denaturation- ■ 237 

Interaction  of  actin  and  myosin ■ — ~ ■ ■ • 2A0 

Respiration-linked  H"^  ejection  by  reconstituted  E_^   coli 

succinoxidase  vesicles ■ ■ ■ ■ 243 

The  binding  of  the  subfragments  of  myosin  to  actin ■ 245 

Models  of  muscle  contraction — ■ — ■ 249 

Comparative  studies  on  plasma  proteins  from  normal  and  cystic 

fibrosis  patients ______ 252 

The  mechanism  of  regulation  of  acto-S-1  ATPase  by  troponin- 
tropomyosin ■ ■ • — ■ — — ■  254 

Actin  of  nonmuscle  cells— ______ — = 257 

Structure,  assembly  and  function  of  microtubules— — - — ■ ■■ — ■  264 

Cytology  of  Acanthamoeba- — .——.——- — .______.^ — .  271 

Acanthamoeba  myosins— ■ ■ — — — — — -— — .. — —.-.—.—. — _„__ — .___  275 

Laboratory  of  Cellular  Metabolism 

Summary— .-— . — . — . . .-_. . 283 

Regulation  of  cyclic  nucleotide  phosphodiesterase  activity ■ 291 

Regulation  of  cAMP  content  of  cultured  cells— ■ ■— — ■ 293 

Cyclic  GMP  metabolism- ■ — _______ — . . _ _ _ -_   296 

Galmodulin-dependent  cyclic  nucleotide  phosphodiesterase  from  bovine 

brain:   Purification  and  characterization- 299 

Production  and  characterization  of  monoclonal  antibodies  against 

bovine  brain  cGMP  phosphodiesterase 302 

The  mechanism  and  action  of  anti-inflammatory  drugs;  effects  on 

neutrophil  mobilization  in  carrageenan-  and  dextran-induced 

inflammation— ■ • 305 

Role  of  histamine  in  gastric  secretion.   Studies  with  isolated 

gastric  mucosal  cells — — — .—. — .— _ . — ■ 309 

ill 


Regulation  of  histamine  synthesis,  release  and  metabolism  in  tissues —  315 
Reversible  Inhibition  of  cell  proliferation  in  culture  by  anti- 
inflammatory drugs • 320 

Regulation  of  cyclic  nucleotide  metabolism 327 

Mevalonate  pyrophosphate  decarboxylase  in  human  skin  fibroblasts 334 

ADP-ribosyltransf erases:   Characterization  of  their  substrates  and 

of  factors  that  control  their  activity 336 

Role  of  GTP-blnding  protein  in  the  regulation  of  adenylate  cyclase 

ac  t  Ivi  ty .— — • . 339 

Presence  of  histamine  in  brain  neurones:  A  phylogenetic  study —  3A2 

Metabolism  of  lipids  in  human  fibroblasts  and  muscle  cells  grown 

in  culture— ■ ■ ■ 347 

Laboratory  of  Chemical  Pharmacology 

Summary • ■ ■ ■ 351 

Kinetics  of  formation  and  elimination  of  drug  metabolites  by  the  liver  357 

Chloramphenlcol-lnduced  aplastic  anemia 360 

Cyclic  3' 5'  cytidine  monophosphate ■ 363 

On  the  mechanism  of  hydrolytlc  dechlorination  of  chloramphenicol 365 

Separation  of  rat  hepatocytes  by  a  coll  planet  centrifuge 368 

Anacardic  acid:   SAR  for  mollusclcidal  action  and  platelet  function 370 

Guanylate  cyclase:  Preparation  of  monoclonal  and  polyclonal  antibodies  373 

Effect  of  chemical  modification  of  prostacyclin  on  its  action 376 

Role  of  calcium  in  CCl4-induced  hepatotoxicity ■ 379 

Evidence  by  SEM  for  the  mediator  role  of  calcium  in  hepatotoxicity 382 

Mechanism  of  hepatic  and  renal  toxicity  of  phenylbutazone —  384 

Studies  on  the  renal  reabsorption  of  cephalosporins  in  the  rat 386 

Steady-state  pharmacokinetics  of  p-aminohippurate  (PAH)  in  rats 389 

Studies  on  the  formation  of  reactive  metabolites  of  phenacetin  and 

acetaminophen 391 

Synthesis  of  deuterated  and  tritiated  derivatives  of  enflurane 394 

Mechanism  depletion  liver  glutathione  by  hepatotoxlc  halocarbons 396 

Identification  of  an  organic  metabolite  of  enflurane  in  rat  and  man 398 

Stereospecif Ic  dealkylatlon  of  oxyprenolol  by  mixed- function 

oxygenases- 401 

New  metabolites  of  chloramphenicol 404 

Bone  marrow  toxicity  of  chloramphenicol  and  its  metabolites 406 

Mechanism  of  defluorination  of  enflurane  in  rat  liver  microsomes 

with  deuterated  derivatives ■ —  408 

Induction  of  enflurane  by  hydrazine  containing  compounds — 410 

Formation  of  reactive  metabolites  of  acetaminophen  by  different 

enzyme  systems 413 
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Annual  Report 

Section  on  Enzymes 

Laboratory  of  Biochemistry 

National  Heart,  Lung,  and  Blood  Institute 

October  1,  1980  -  September  30,  1981 

A.   Mechanism  of  Enzyme  Action 

(a)  Glutamine  Synthetase.   In  earlier  studies,  the  catalytic  cycle  of 
the  biosynthetic  reaction  catalyzed  by  the  Mg (II) -dependent  unadenylylated 
form  of  glutamine  synthetase  (GS)  was  elucidated  by  monitoring  the  intrinsic 
protein  fluorescence  changes  accompanying  substrate  binding  and  the  catalytic 
reaction.   This  technique  could  not  be  used  to  study  the  Mn( II) -dependent 
activity  of  the  adenylylated  form  of  GS  because  of  neglibible  fluorescence 
changes  accompanying  the  catalytic  cycle.   To  circumvent  this  problem,  GS 
was  adenylylated  iii  vitro  with  the  fluorescent  analog  of  ATP,  2-aza-l,  %- 
etheno  AMP  (aza-AMP)  and  by  a  spin  labeled  ATP  derivative,  2,2,6,6-tetramethyl- 
piperidine-1-oxyl  (Tempo)  AMP.   With  these  derivatives,  a  detailed  analysis 
of  the  reaction  mechanism  and  topography  around  the  adenylylation  site  could 
be  made  by  fluorescence  and  epr  techniques. 

(i)  Studies  with  Aza-GS.   Ligand  induced  fluorescence  changes  associ- 
ated with  the  binding  of  substrates  to  aza-GS  were  used  to  evaluate  the 
thermodynamic  and  dynamic  properties  of  the  enzyme.   From  stopped- flow 
kinetic  data,  it  was  deduced  that  the  biosynthetic  reaction  catalyzed  by  the 
Mn  (II) -dependent  aza-GS  proceeds  through  a  quaternary  complex  formed  by  the 
random  binding  of  ATP,  L-glu  and  NH3,  followed  by  sequential  reactions  in- 
volving at  least  four  different  f luorometrically  detectable  intermediates, 
II,  I2,  I3,  and  I4.   The  rate  determining  step  is  the  conversion  of  I2  to  I3 
which  reacts  with  NH3  to  produce  I4.   The  data  show  that,  in  contrast  to 
properties  of  the  Mg(II)  activated  unadenylylated  enzyme,  there  is  no 
synergistic  interaction  of  L-glu  and  ATP,  and  in  the  y-glutamyl  transfer  re- 
action, L-glu  antagonizes  (rather  than  enhances)  the  binding  of  ADP  and 
arsenate;  however,  ADP  and  arsenate  enhance  each  others  affinities  for  both 
enzyme  forms.   Tightening  of  the  relaxed  (metal-free)  aza-GS  by  either  Mn(II) 
or  Mg(II)  involves  a  very  rapid  step  followed  by  a  slow  step  {t\/2  -   2 
minutes  at  20 °C) . 

(ii)  Topography  of  the  Regulatory  Site.   The  environment  of  the 
adenylylation  site  of  GS  was  monitored  by  measuring  the  ESR  signal  of  the 
nitroxide  radical  on  the  Tempo-GS  derivative.   Distances  between  the 
nitroxide  group  at  the  adenylylation  site  and  Mn(II)  at  the  nj^  (structural  ^ 
binding  site)  and  n2  (the  nucleotide  binding  site)  were  estimated  to  be  20  A 
and  18  A,  respectively.   In  the  presence  of  various  substrates,  the  distance 
from  the  adenylyl  group  to  the  n^  site  is  shortened,  while  that  of  the  n2  site 
is  unchanged.   By  monitoring  the  ESR  signal  as  a  function  of  the  Mn(II)  con- 
centration dissociation  constants   for  the  binding  of  Mn(II)  to  the  ni  and  n2 
sites  were  determined  to  be  1.1  yM  and  16.7  yM,  respectively.   These  values 
agree  well  with  the  values  of  1.8  yM  and  18  yM  determined  by  equilibrium 
dialysis.   From  a  comparison  of  the  ESR  spectrum  of  free  Tempo-ATP  with  that 
of  Tempo-GS,  it  is  deduced  that  the  regulatooiy  site  of  adenylylated  GS  is  on 
the  surface  of  the  enzyme.   This  observation  is  in  agreement  with  earlier 
conclusions  based  on  NMR  data  (Proc.  Natl.  Acad.  Sci.  75,  1255,  1978). 


(iii)  Studies  with  L-Methionine-S-Sulfoxiitiine.   by  measuring 
fluorescence  changes  accompanying  the  binding  of  the  R-  and  S-isomers  of 
the  transition  state  analog,  L-methionine-S-sulfoximine,  to  the  Mg (II) -unaden- 
lylylated  GS,  it  was  found  that  the  S-isomer  exhibits  an  apparent  negative 
cooper ativity,  whereas  positive  cooperativity  was  observed  with  the  R-isomer. 
The  cooperative  effects  are  in  accord  with  the  existence  of  homologous  sub- 
unit  interactions  in  the  fully  unadenylylated  enzyme.   Moreover,  the  fact 
that  the  S-  and  R-isomers  exhibit  negative  and  positive  cooperativity,  re- 
spectively, suggests  that  the  subunit  interactions  are  sensitive  to  the  ab- 
solute stereochemistry  of  the  tetahedral  sulfoximine  moiety. 

(b)  Mechanistic  Study  of  Alkaline  Phosphatase;   A  Possible  Physiological 
Role  for  Extreme  Negative  Cooperativity.   The  number  of  enzymes  found  to 
exhibit  "half-of-the-sites"  activity  increases,  but  the  physiological 
advantages  of  such  phenomena  remains  vinclear.   In  the  case  of  alkaline  phos- 
phatase, it  was  proposed  that  the  binding  of  the  first  s\ibstrate  to  the  dimer 
greatly  decreases  the  affinity  of  the  other  subunit  for  sxibstrate,  and  that 
the  binding  energy  is  utilized  to  facilitate  dephosphorylation  of  the  phospho- 
enzyme  intermediate.   Although  an  attractive  hypothesis,  a  detailed  kinetic 
analysis  of  the  reaction  mechanism,  has  shown  that  the  mechanism  does  not 
operate  in  the  case  of  alkaline  phosphatase.   A  plausible  role  for  strong  nega- 
tive cooperativity  in  the  regulation  of  alkaline  phosphatase  was  disclosed  by 
the  discovery  that  Mg(II)  can  convert  the  low  affinity  substrate  site  to  a 
high  affinity  site  without  affecting  the  affinity  of  the  high  affinity  site. 
The  net  effect  is  to  eliminate  negative  cooperativity  in  the  response  to  in- 
creasing substrate  concentrations.   It  follows  that  when  substrate  concentra- 
tion is  only  high  enough  to  saturate  the  high  affinity  sites,  activity  of  the 
enzyme  can  be  modulated  over  a  wide  range  by  changes  in  the  concentration  of 
Mg(II) ,  and  possibly  other  allosteric  effectors.   Thus,  negative  cooperativity, 
like  positive  cooperativity,  provides  a  mechanism  for  the  modulation  of  enzyme 
activity  at  fixed  substrate  levels  by  taking  advantage  of  shifts  from  cooper- 
ative to  hyperbolic  substrate  saturation  isotherms  in  response  to  allo- 
steric interactions . 

(c)  Activation  of  Cyclic  Nucleotide  Phosphodiesterase  by  Calmodulin. 
The  binding  of  Ca(II)  to  calmodulin  was  determined  by  monitoring  changes  in 
the  intrinsic  fluorescence  of  calmodulin  associated  with  Ca(II)  binding,  or 
by  the  use  of  dansylated  troponin  C  to  estimate  the  concentration  of  free 
Ca(II).   The  results  show  that  calmodulin  can  bind  up  to  four  equivalents  of 
Ca{II)  by  a  mechanism  that  involves  both  positive  and  negative  cooperativity. 
By  means  of  a  Job  plot  analysis  and  kinetic  experiments,  it  was  shown  that 
calmodulin  binds  to  two  noninteracting  sites  on  the  dimeric  cyclic  nucleotide 
phosphodiesterase  and  that  the  activation  constant  of  the  diesterase  for 
fully  liganded  calmodulin  is  about  1.0  nM.   Based  on  the  results  of  these 
studies  and  other  considerations,  it  was  proposed  that  activation  of  the 
phosphodiesterase  involves  a  mechanism  in  which  all  forms  of  the  Ca (II) -cal- 
modulin, enzyme-calmodulin,  and  Ca(II) -calmodulin-enzyme  complexes  are 
possible  intermediates.   Although  the  parameters  required  to  described  the 
proposed  mechanism  are  still  under  investigation,  current  results  have  re- 
vealed several  important  regulatory  properties.   They  are:   (i)  The  activated 
calmodulin-enzyme  complex  contains  4  equivalents  of  Ca(II);  therefore,  the 
activation  of  the  phosphodiesterase  becomes  highly  sensitive  to  the  change  in 


Ca{II)  concentration.   (ii)  The  huge  increase  in  affinity  between  calmodulin 
and  enzyme  derived  from  Ca(II)  binding  can  be  accounted  for  by  a  relatively 
small  decrease  in  the  dissociation  constant  for  each  of  the  4  calcium  binding 
steps.   As  a  consequence,  Ca(II)  can  be  dissociated  relatively  rapidly  from 
the  calmodulin •.Ca( II)  -enzyme  complex;  hence  the  enzymic  activity  can  be  modu- 
lated rapidly  in  response  to  the  changes  in  Ca(II)  concentration. 

c)  Mechanism  of  Rabbit  Skeletal  Muscle  Actomyosin  ATPase.   The  Lynn- 
Taylor  model  for  actomysin  ATPase  suggests  that  ATP  hydrolysis  requires  the 
dissociation  of  ATP •actomysin  complex  to  ATP -myosin  and  actin.   However, 
results  of  studies  using  myosin  subfragment-1  (S-l) (carried  out  in  collabora- 
tion with  E.  Eisenberg)  indicate  that  the  acto-S-1  complex  is  not  dissociated 
by  ATP  during  the  hydrolysis.   Contrary  to  the  Lynn-Taylor  prediction,  high 
actin  concentration  stimulates  rather  than  inhibits  ATPase. 

B.   Regulation  of  Enzyme  Degradation 

Balance  between  rates  of  synthesis  and  degradation  governs  the  intra- 
cellular concentrations  of  enzymes.   Since  the  relative  concentration  of  dif- 
ferent enzymes  can  change  in  response  to  variations  in  the  nutritional  state 
of  the  organism,  highly  specific  regulatory  mechanisms  must  control  the  dif- 
ferential synthesis  and  degradation  of  a  given  enzyme.   Because  protein  turn- 
over in  bacteria  shares  at  least  two  important  features  with  turnover  in 
mammalian  cells,  i.e. ,  selectivity  and  energy  dependence,  bacteria  are  con- 
venient model  systems  in  which  to  study  this  process. 

(a)  Glutamate  Dehydrogenase  (GDH)  and  Lysine-Sensitive  Aspartokinase 
(AKIII) .   Of  18  enzymes  examined  in  ammonia-starved  E^  coli,  GDH  and  AKIII 
were  most  rapidly  inactivated.   That  inactivation  of  these  enzymes  and  general 
protein  degradation  share  a  common  regulatory  feature  is  indicated  by  the 
observations:   (1)  inactivation  of  both  enzymes  is  prevented  when  protein 
degradation  is  blocked  by  either  chloramphenicol,  azide  or  PMSF;  (2)  inacti- 
vation does  not  occur  during  ammonia  starvation  in  relA  mutants  in  which  pro- 
tein turnover  is  blocked.   Direct  immunoprecipitation  of  GDH  and  AKIII  from 
crude  extracts  using  antibodies  prepared  against  the  purified  enzymes  demon- 
strated that  degradation  accompanies  inactivation  of  both  enzymes .   Efforts 
to  determine  whether  there  is  an  inactivation  step  prior  to  degradation  have 
yielded  equivocal  results.   No  inactivation  of  GDH  could  be  detected  in  cell- 
free  extracts,  and  efforts  to  demonstrate  inactivation  in  cells  peDoneabilized 
with  toluene  have  yielded  variable  results.   However,  the  discovery  that  incu- 
bation of  purified  GDH  with  NADPH  leads  to  its  rapid  inactivation  and  renders 
it  susceptible  to  proteolysis  by  various  proteolytic  enzymes,  viz  trypsin, 
chymotrypsin,  subtilisin,  thermolysis  or  pronase,  suggests  that  this  in  vitro 
system  may  serve  as  a  good  model  of  how  GDH  degradation  is  regulated.   The 
effect  of  NADPH  is  highly  specific.   Neither  NADP,  NAD,  NADH,  or  other 
nucleotides  destabilize  GDH.   Furthermore,  the  substrates  a-ketoglutarate, 
glutamate,  as  well  as  several  other  anonic  compounds  can  protect  GDH  from 
destabilization  of  NADPH. 

The  mechanism  by  which  NADPH  destabilizes  GDH  is  still  under  investiga- 
tion.  It  has  been  established  that  NADPH  causes  a  perturbation  of  the  ultra- 
violet spectrum  of  the  enzyme  and  leads  to  exposure  of  one  sulfhydryl  group 
to  rapid  reaction  with  dithiobis- (nitrobenzoic)  acid.   Destabilization  is  not 
associated  with  a  disappearance  of  NADPH,  nor  to  a  dissociation  of  aggregation 


of  the  enzyme. 

(b)  Degradation  of  Glutamine  Synthetase.   Under  conditions  of  nitrogen 
starvation,  the  glutamine  synthetase  in  catalase-deficient  strains  of 
Klebsiella  aerogenes  undergoes  rapid  inactivation  and  degradation.   Results  of 
studies  with  cell  free  extracts  of  this  organism  and  partially  purified  en- 
zyme preparations  of  E_^  coli  suggest  that  the  degradation  of  glutamine  synthe- 
tase in  these  organisms  involves  two  steps:   First,  the  enzyme  is  inactivated 
by  a  catalase  sensitive  mixed  function  oxidase  system;  Second,  the  inactiva- 
ted enzyme  is  proteolyzed.   The  inactivation  reaction  requires  NADPH,  and 
oxygen,  and  is  stimulated  by  Fe(III) .   It  is  inhibited  by  chelating  agents, 
Mn(II),  catalase,  and  horseradish  peroxidase. 

A  similar  inactivation  of  homogeneous  preparations  of  pure  glutamine 
synthetase  form  E_^  coli  is  catalyzed  by  a  highly  purified  cytochrome-P45o 
mixed  function  oxidase  system  from  rabbit  microsomes  (kindly  supplied  by 
H.  Gilboin  and  M.  J.  Coon) ,  and   also  nonenzymically  by  model  systems  consist- 
ing of  either  ascorbate,  O2  and  Fe(III),  or  of  Fe(II),  Fe(III)  and  O2 .   After 
inactivation  by  either  the  microsomal-P45o  system,  or  the  ascorbate  system, 
glutamine  synthetase  is  readily  degraded  by  a  partially  purified  protease 
preparation  from  E^   coli,  whereas  native  (untreated)  glutamine  synthetase  is 
not. 

Preliminary  experimental  results  indicate  that  the  inactivation  reaction 
may  involve  modification  of  a  single  tyrosine  or  a  single  histidine  residue 
in  each  subunit  of  the  enzyme. 

The  inactivation  reaction  may  be  the  step  at  which  glutamine  synthetase 
degradation  is  regulated,  since  the  inactivation  of  the  unadenylylated 
(physiologically  active)  forms  of  glutamine  synthetase  is  inhibited  by  the 
substrates  glutamate  and  ATP,  whereas  these  ligeuids  stimulate  the  inactivation 
of  the  adenylylated  (physiologically  inactive)  form  of  the  enzyme.   The 
inhibitory  effects  of  catalase  and  Mn(II)  on  the  inactivation  reaction  may 
also  have  a  regulatory  function. 

C.   Regulation  of  Enzyme  Activity 

(a)  Glutamine  Synthetase 

(i)  Studies  with  Permeabilized  Cells.   After  freezing  and  thawing, 
exposure  of  E^  coli  cell  suspensions  to  the  nonionic  detergent  Lubrol  WX 
leads  to  permeabilization  of  the  cell  membrane  to  small  molecules,  but  not 
to  proteins  of  greater  than  6,000  molecular  weight.   Levels  of  the  uridylyl- 
transf erase-uridylyl-removing  enzyme  (UT-UR)  are  about  the  same  in  cells 
obtained  from  nitrogen-starved  and  carbon- starved  cultures.   However,  permea- 
bilization of  the  nitrogen-starved  cells  leads  to  complete  loss  of  UT-UR  ac- 
tivity, whereas  none  of  this  activity  is  lost  during  permeabilization  of  carbon- 
starved  cells.   Permeabilization  of  either  carbon-  or  nitrogen-starved  cells 
leads  to  little  or  no  loss  of  all  other  cascade  enzymes,  i.e.,  adenylyl- 
transf erase,  Pn  protein,  and  glutamine  synthetase.   It  follows  that 
permeabilized  cells  from  nitrogen-starved  cultures  can  be  used  to  study 
metabolite  regulation  of  the  adenylylation-deadenylylation  cycle  alone, 
whereas  permeabilized  cells  from  carbon- starved  cultures  can  be  used  to  study 
the  effects  of  metabolites  on  the  complete  bicyclic  cascade  system.   Results 
to  date  show  that  allosteric  effectors  and  substrates  (i.e. ,  glutamine,  a- 
ketoglutarate,  ATP,  UTP,  Pi,  Mg(II))  which  are  known  to  affect  the  purified 


cascade  enzymes  in  vitro  have  similar  effects  on  the  adenylylation  and 
deadenylylation  of  endogenous  glutamine  synthetase  in  permeabilized  cells . 
The  steady-state  level  of  glutamine  synthetase  adenylylation  in  the  permeabil- 
ized cells  varies  in  response  to  alterations  of  various  metabolite  concentra- 
tions of  the  suspending  buffer,  as  would  be  expected  from  the  in  vitro  exper- 
iments.  It  is  concluded  that  important  features  of  the  cyclic  cascade  system 
which  were  disclosed  by  analysis  of  a  theortical  model  and  subsequently  con- 
firmed by  in^  vitro  experiments  (see  Curr.  Topics  Cell,  Regul.  13^,  1978)  are 
operative  also  in  the  permeabilized  cells. 

(ii)  Purification  of  the  Uridylytransferase  (UT)  and  Uridylyl- 
Removing  (UR)  Enzyme  Activities.   An  E^   coli  strain  (JA200/pLC  38-39)  which 
carries  the  uridylyltransf erase  (UT)  gene  in  a  ColEl  hybrid  plasmid  was  shown 
previously  to  contain  25  times  as  much  UT  and  UR  enzymes  as  the  wild  type 
strain.   Both  activities  were  purified  together  throughout  a  5,000-fold  enrich- 
ment procedure  that  led  ultimately  to  a  homogeneous  protein  of  100,000  molecu- 
lar weight.   From  its  failure  to  dissociate  under  various  denaturing  con- 
ditions, it  is  concluded  that  the  UR  and  UT  activities  are  contained  in  a 
single  polypeptide  chain.   This  conclusion  is  in  agreement  with  earlier 
genetic  experiments  showing  that  mutation  leads  to  loss  of  both  activities 
simultaneously,  and  that  reversion  leads  to  restoration  of  both  activities. 
Now  that  the  UT-UR  enzyme  has  been  obtained  as  a  homogeneous  protein,  its 
interaction  with  the  other  cascade  enzymes  is  open  to  investigation  by  both 
physical  and  enzymological  approaches. 

(iii)  Multiple  Molecular  Forms  of  Glutamine  Synthetase.   From  theo- 
retical considerations.  Raff  and  Blackwelder  have  shown  that  the  GS  in  E. 
coli  can  exist  in  up  to  384  different  forms  that  differ  from  one  another  by 
the  number  (0-12)  and  distribution  of  adenylylated  subunits.   Although  earlier 
studies  showed  the  existence  of  multiple  forms,  efforts  to  separate  them  by 
electrofocusing,  ion  exchange  chromatography,  or  electrophoresis  failed. 
Now,  by  means  of  affinity  chromatography  on  Affi-blue  sepharose  or  on 
sepharose  columns  of  immobilized  anti-AMP  antibodies,  native  enzyme  prepara- 
tions have  been  resolved  into  a  series  of  more  or  less  homogeneous  fractions 
which  contain  different  numbers  of  adenylylated  sxibunits,  ranging  from  0  to 
11  per  enzyme  molecule.   In  addition,  multiple  enzyme  species  containing  the 
same  number  of  adenylylated  subunits,  but  which  differ  from  one  another  in 
their  affinities  for  ADP  and/or  sepharose-bound  Cibacron  dye,  have  also  been 
obtained.   These  presumably  represent  isomeric  forms  that  differ  in  the  dis- 
tribution of  adenylylated  and  unadenylylated  subionits  within  the  dodecameric 
structure.   The  existence  of  isomeric  forms  is  suggested  also  by  results  of 
immunotitrations  showing  that  some  species  of  adenylylated  glutamine  synthe- 
tase are  precipitated  by  anti-AMP  antibodies,  whereas  other  species  contain- 
ing the  same  number  of  adenylylated  subunits  react  with  the  antibodies  to 
lorm  solxible  immune  complexes . 

(iv)  Generation  of  Phosphotyrosyl  Derivatives  of  Glutamine  Synthetase. 
The  recent  discovery  that  proteins  of  mammalian  cells  contain  phosphorylated 
tyrosine  residues,  and  the  demonstration  that  some  viral  infections  are  ac- 
companied by  the  phosphorylation  of  protein  tyrosyl  groups,  suggests  that 
tyrosyl  group  phosphorylation  may  play  an  important  role  in  cellular  regula- 
tion.  To  aid  in  the  development  of  reliable  methods  for  the  detection  and 
quantitation  of  phosphotyrosyl  residues  in  proteins,  the  adenylylated  form 
of  glutamine  synthetase  was  treated  with  a  nuclease  that  splits  the  aden- 
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ylylated  tyrosyl  residues  to  yield  free  adenosine  and  the  phosphotyrosyl 
protein  derivatives. 

(b)  Regulation  of  Microtubule  Assembly  In  vitro.   Previous  studies  showed 
that  in  the  presence  of  sodium  fluoride,  cAMP  inhibits  the  assembly  of  micro- 
tubules in  the  supernatant  fractions  of  crude  pig  brain  homogenates.   It  is 
now  found  that  adenosine,  inosine,  and  guanosine,  but  not  cytidine,  stimulate 
the  phosphorylation  of  proteins  in  the  supernatant  fraction,   it  is  likely 
that  in  all  cases  inosine  is  responsible  for  the  observed  increase  in  protein 
phosphorylation,  since  (1)  there  is  a  lag  in  the  time  course  of  phosphoryla- 
tion when  adenosine  is  the  activator,  (2)  adenosis*  is  rapidly  converted  to 
inosine  (and  AMP)  in  these  preparations,  and  (3)  in  the  presence  of  EHNA,  an 
inhibitor  of  adenosine  deaminase,  the  effect  of  adenosine  is  abolished. 
Stability  of  the  phosphoprotein  bond  is  similar  to  that  of  acyl  phosphates. 
Electrophoresis  of  the  protein  fractions  in  SDS  polyacrylamide  gel  shows  that 
inosine  stimulates  the  phosphorylation  of  three  proteins  of  approximately 
63,000,  37,000,  and  29,000  Daltons.   The  labeling  patterns  of  these  three 
proteins  varies  with  the  concentration  of  inosine  used  and  the  kind  of  diva- 
lent cation  present.   With  Mg(II),  the  29,000  Dalton  protein  is  most  heavily 
phosphorylated;  with  Ca(II),  the  63,000  Dalton  protein  is  preferentially 
phosphorylated,  and  in  the  presence  of  EDTA,  only  the  63,000  and  37,000 
Dalton  proteins  are  phosphorylated. 

(c)  Development  of  an  Interconvertible  Enzyme  Cascade  Model.   A  theoreti- 
cal analysis  of  a  monocyclic  cascade  model  shows  that  the  cyclic  interconver- 
sion  of  an  enzyme  between  covalently  modified  and  unmodified  forms  has  unusual 
regulatory  capacities.   In  order  to  develop  an  in  vitro  system  that  can  be 
used  to  test  the  validity  of  the  theoretical  predictions,  a  monocyclic  system 
has  been  developed.   The  system  consists  of  (1)  the  light  chain  from  chicken 
gizzard  myosin  which  serves  as  the  interconvertible  protein  substrate;  (2) 

a  cyclic  AMP-dependent  protein  kinase  from  bovine  heart  muscle;  (3)  a  phos- 
phoprotein phosphatase,  also  from  bovine  heart.   All  three  components  have 
been  purified  to  near  homogeniety.   It  has  been  established  that  the  cyclic 
AMP-dependent  protein  kinase  catalyzes  phosphorylation  of  a  single  serine 
residue  on  the  myosin  light  chain,  and  that  this  is  probably  the  same  serine 
that  is  phosphorylated  by  the  cyclic  AMP- independent  kinase  studied  by  other 
workers.   The  phosphoprotein  phosphatase  catalyzes  the  dephosphorylation  of 
the  phosphorylated  light  chain.   Coupling  of  the  kinase  and  phosphatase  re- 
actions should  therefore  provide  an  excellent  model  for  studies  on  the  regu- 
latory characteristics  of  monocyclic  cascades. 

(d)  Regulation  of  Rabbit  Skeletal  Muscle  Actomyosin  ATPase .   Relaxation 
of  skeletal  muscle  is  thought  to  be  mediated  by  the  troponin-tropomyosin  com- 
plex which  binds  to  F-actin,  and  it  has  been  suggested  that  in  the  presence  of 
ATP  and  the  absence  of  Ca(II) ,  tropomyosin  physically  blocks  the  binding  of 
the  myosin  cross-bridge  to  F-actin.   Using  a  stopped-flow  machine  to  monitor 
the  binding  of  myosin  subfragment-1  (S-1) 'nucleotide  complex  to  F-actin- tropon- 
in-tropomyosin complex  (studies  carried  out  in  collaboration  with 

E.  Eisenberg) ,  it  was  found  that  the  troponin- tropomyosin  complex  exerts  very 
little  effect  on  the  binding  of  S-l-ATP  or  S-1-ADP-Pi  to  F-actin.   Thus,  the 
troponin-tropomyosin  complex  does  not  inhibit  actin-activated  ATPase  by  pre- 
venting the  binding  of  S-l-ATP  or  S-l-ADP  to  actin;  instead  it  may  inhibit 
the  release  of  Pi  from  the  acto-S-1-ADP-Pi  complex. 
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D.   Branched  Chain  Araino  Acid  Metabolism 

Earlier  studies  led  to  the  discovery  of  a  new  pathway  of  leucine  catab- 
olism  in  bacteria.   A  key  step  in  this  pathway  is  the  conversion  of  a-leucine 
to  g-leucine  which  is  catalyzed  by  leucine  2,3-aminoinutase  and  is  dependent 
upon  the  presence  of  adenosylcobalamin  as  a  co factor.   The  B12  coenzyme-de- 
pendent  leucine  2, 3-aminomutase  is  widely  distributed  in  plant  and  animal 
tissues,  and  in  microorganisms.   Evidence  has  now  been  obtained  suggesting 
that  the  pathway  which  serves  a  catabolic  function  in  bacteria  may  have  a 
biosynthetic  role  in  animals.   Cell- free  extracts  of  rat  liver  catalyze  the 
conversion  of  branched  chain  iso-fatty  acids  (isosterate,  isomyristate,  or 
isocaproate)  to  leucine.   They  also  catalyze  the  conversion  of  valine,  a- 
ketoisovalerate,  or  isobutyrate  in  the  presence  of  acetate  to  leucine.   These 
conversions  are  dependent  upon  added  adenosylcobalamin  and  are  inhibited  by 
intrinsic  factor  as  would  be  expected  if  the  leucine  mutase  were  involved. 
The  branched-chain  amino  acid  contents  of  sera  from  patients  with  several 
metabolic  defects  have  been  examined.   Although  the  levels  of  branched-chain 
amino  acids  are  elevated  in  patients  with  maple  syrup  urine  disease,  no 
3-leucine  could  be  detected  in  the  sera  of  these  patients. 
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Continuing  research  activities  of  the  investigators  in  the  Section  on 
Metabolism  and  Bioenergetics  are  primarily  concerned  with  (1)  the  isolation 
and  characterization  of  bacterial  selenoenzymes  and  seleno-tRNAs,  the  mode 
of  biosynthesis  of  these  selenium-containing  macromolecules  and  their 
biological  functions;   (2)   characterization  of  8-hydroxy-5-deazaflavin 
dependent  enzymes  of  Methanococcus  vannielii  and  the  electron  transfer  roles 
of  these  enzymes  in  formate  metabolism  and  methane  biosynthesis  and  (3)  phos- 
phate esterification  and  electron  transfer  reactions  catalyzed  by  enzymes  from 
Clostridium  sticklandii.   Together  these  processes  constitute  important  aspects 
of  the  overall  problem  of  the  mechanism  of  electron  transport  and  energy 
conservation  in  the  low  potential  range  of  biological  redox  systems. 

A.   Bacterial  Seleno  enzymes 

(a)  Nicotinic  acid  hydroxylase,  an  enzyme  from  Clostridium  barkeri, 
catalyzes  the  first  reaction  in  the  fermentation  pathway  wherein 
nicotinic  acid  is  ultimately  converted  to  ammonia j  carbon  dioxide, 
acetate,  and  propionate  (shown  in  earlier  studies  by  E.  E..  Stadtman, 
I.  Harary,  L.  Tsai,  I.  Pastan,  J.  Holcenberg) .   Later  a  rearrangement 
reaction  step  in  the  pathway  was  shown  to  be  catalyzed  by  a  new  B12 
coenzyme-dependent  enzyme  (Kung,  Cederbaum,  Tsai  and  T.C.  Stadtman)  and 
recently  we  have  found  that  the  first  enz3rme,  the  hydroxylase,  is  a 
selenoenzyme.   Thus,  this  nicotinic  acid  fermenting  anaerobic  bacterium 
has  proven  to  be  a  valuable  source  of  enzymes  that  are  specialized  for 
the  use  of  two  nutritionally  important  trace  elements  -  selenium  and 
cobalt  (in  the  form  of  Vit.  ^±2^'      ^^   ^^®  conversion  of  nicotinic  acid 
to  6-hydroxy  nicotinic  acid  by  nicotinic  acid  hydroxylase,  NADP  is  the 
electron  acceptor  and  is  reduced  to  NADPH.   An  additional  catalytic 
activity  exhibited  by  the  hydroxylase,  in  common  with  many  other 
flavoproteins,  is  the  dye-dependent  oxidation  of  NADPH.   From  the 
relative  effects  of  various  inhibitors  on  the  hydroxylase  and  oxidase 
activities  of  the  enzyme  it  is  deduced  that  the  selenium  moiety  is 
located  near  or  at  the  hydroxylation  site  and  may  not  be  required 

for  the  NADPH  oxidase  activity.   The  identity  of  the  selenium  moiety 
on  the  enzyme  has  not  been  determined  but  the  ready  release  of  ^^Se 
from  the  radioactive  protein  by  reagents  such  as  sodium  dodecyl  sulfate^ 
thiols,  urea,  etc.  indicate  it  is  not  a  selenocysteine  residue  within  a 
large  polypeptide  chain.   Studies  in  progress  are  designed  to  isolate 
the  '  Se-labeled  selenium  compound  after  its  release  from  the  enzyme 
under  controlled  conditions  and  to  determine  its  chemical  properties. 

(b)  The  most  recently  discovered  selenoenzyme  is  thiolase  which  was 
isolated  in  the  form  of  a  75se-labeled  protein  from  Clostridivim  kluyveri 
cells  that  had  been  cultured  in  the  presence  of  lyM  ''^Se-selenite  and  a 
large  molar  excess  of  sulfur.   The  total  thiolase  protein  of  C,   kluyveri 
proved  to  be  a  mixture  of  two  very  similar  80,000  dalton  enzyme  forms; 
one  of  these,  5%  or  less  of  the  total  thiolase  protein,  contains  selenium 
and  the  other  (about  95%)  is  a  selenium-independent  thiolase.   The  seleno- 
enzyme was  separated  from  the  non-selenium  thiolase  on  the  basis  of  its 


slightly  greater  affinity  for  DEAE-cellulose.   Both  thiolases  then  were 
isolated  in  essentially  homogenous  form  by  a  variety  of  procedures  in- 
cluding gel  permeation  chromatography,  polyacrylamide  gel  electrophoresxs 
and  ammonium  sulfate  fractionation.   Comigration  of  '^Se  and  protein 
showing  thiolase  activity  during  electrophoresis  in  gels  under  non- 
denaturing  conditions  and  comigration  of  75se  and  protein  subunits 
(40,000  daltons)  in  SDS-disc  gel  electrophoresis  provided  evidence  of  the 
presence  of  selenium  covalently  attached  to  the  thiolase.   The  greater 
catalytic  activity  (five-fold  or  more)  of  the  seleno-thiolase  as  com- 
pared to  the  non-seleno  thiolase  may  be  explained  by  the  fact  that  a 
seleno-acyl  ester  intermediate  on  the  seleno-enzyme  would  be  much  more 
reactive  than  a  thiol-ester  intermediate  on  the  non-seleno  enzyme  form. 
Current  studies  have  as  their  aim  to  identify  the  selenium  moiety  present 
in  the  seleno-thiolase  and  to  establish  the  major  biological  role  of  this 
interesting  enzyme.   Seleno-thiolase,  an  enzyme  which  can  catalyze  in  the 
biosynthetic  direction  the  formation  of  a  new  carbon-carbon  bond,  pro- 
vides the  first  example  of  a  seleno-enzyme  that  is  not  a  typical  redox 
catalyst, 

(c)  Previously  we  have  shown  that  selenium  occurs  as  selenocysteine 
residues  in  polypeptide  linkage  in  the  selenium-dependent  formate 
dehydrogenase  of  Methanococcus  vannielii.   Since  it  is  likely  that 
seleno-f ormate  dehydrogenases  from  Escherichia  coli  also  contain 
selenocysteine  residues,  we  are  now  employing  this  organism  as  biological 
material  to  study  the  mechanism  of  biosynthesis  of  protein  bound 
selenocysteine  residues.   If  this  amino  acid  is  not  introduced  by  way  of 
a  post  translational  modification  of  a  preexisting  amino  acid  residue 
(e.g.  serine  or  cysteine)  in  the  protein  but  instead  is  introduced  while 
the  polypeptide  chain  is  synthesized  (current  claims  of  investigators 
working  with  glutathione  peroxidase  synthesis  in  rat  liver)  then  we  would 
expect  to  find  as  a  minimum  requirement  a  tRNA  species  that  can  be  spe- 
cifically charged  with  selenocysteine.   The  relatively  greater  stability 
of  seleno-cysteine  in  crude  enzjnne  preparations  of  jE.  coli  as  compared 

to  those  from  Clostridium  sticklandil,  which  we  previously  used  for 
studies  on  selenoprotein  biosynthesis,  is  one  of  the  reasons  for  the 
present  use  of  the  E^.  coli  system.   Amino  acyl  tRNA  synthetase  prepara- 
tions and  amino  acyl  tRNAs  have  been  prepared  from  E.    coli  cells  and 
from  C^.  sticklandii  cells  cultured  under  conditions  where  both  organisms 
are  actively  synthesizing  selenoproteins.   The  synthetase  preparations 
from  the  two  different  organisms  exhibit  similar  activities  when  tested 
with  their  homologous  or  heterologous  bulk  tRNAs  as  acceptors  for 
mixtures  of  amino  acids.   Hence,  tRNA  populations  from  both  organisms 
can  be  examined  with  the  E.  coli  synthetase  preparation  for  the  possible 
presence  of  a  specific  selenocysteine  accepting  species. 

(d)  Continued  studies  on  Glycine  reductase  selenoprotein  A  (Mj-12,000) 
have  dealt  mainly  with  the  production  of  75se-labeled  protein  for 
selenopeptide  analysis  and  for  use  in  in  vitro  32p_iabeling  experiments. 
If  a  phosphate  ester  of  the  selenol  group  or  one  of  the  thiol  groups  of 
seleno-protein  A  is  the  phosphate  ester  intermediate  generated  concomitant 
with  glycine  reduction  to  acetate.by  glycine  reductase  then  it  should  be 
possible  to  find  conditions  where  the  32p_iabeled  seleno-protein  is 
detectable.   To  date  trace  amounts  of  low  molecular  weight  32p_proteins(s) 
have  been  detected  electrophoretically  when  the  glycine  reductase  reaction 
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Is  catalyzed  by  crude  enzyme  preparations  in  the  presence  of  labeled 
phosphate.  The  experiments  are  preliminary  to  those  in  which  a  wide 
variety  of  conditions  will  be  explored  and  finally  substrate  amounts 
of  enzymes  will  be  employed. 

Studies  on  the  biosynthesis  of  selenoprotein  A  show  that  once  the 
biologically  active  ^^Se-protein  is  formed,  it  is  stable  and  remains  in 
the  cells  even  during  prolonged  incubation  in  the  presence  of  anti- 
biotics such  as  chloramphenicol,  rifampicin,  etc.  that  prevent  cell 
multiplication.   No  stable  precursor  of  the  protein  has  been  detected 
in  selenium-deficient  cells. 

B.  Bacterial  Seleno-tRNAs 

Amino  acid  transfer  nucleic  acids  (tRNAs)  modified  in  the  poly- 
nucleotide portion  of  the  molecules  with  selenium  were  first  detected 
in  C_^  sticklandii.   Seleno-tRNAs  also  occur  in  other  anaerobic  micro- 
organisms but  C^.  sticklandii  is  the  richest  source  found  so  far.   One 
strictly  aerobic  organism,  a  Pseudomonas,  grown  in  the  presence  of 
75se-selenite  formed  several  '^Se-labeled  tRNA  species  and  one  of  these 
copurified  with  leucine  accepting  activity. 

^^Se-labeled  tRNAs  from  C^.  sticklandii  were  converted  to  populations 
of  '^Se-nucleotides  by  mild  alkali  digestion  and  the  '^Se-labeled 
products  were  separated  chromatographically  and  analyzed  electrophoreti- 
pally  and  by  thin  layer  chromatography.   Satisfactory  recovery  of 
'^Se-labeled  nucleotides  indicates  that  the  procedures  developed  may  be 
adequate  for  final  isolation  and  identification  of  the  selenobase(s) 
present. 

C.  Proline  reductase 

Oxidation  of  certain  amino  acid  substrates  in  C^,  sticklandii  is 
coupled  via  pyridine  nucleotides  and  electron  carrier  proteins  to  the 
reduction  of  glycine  and  proline  which  serve  as  important  terminal 
'   electron  acceptors  for  the  organism.   A  250,000  dalton  iron  protein  that 
is  a  component  of  the  electron  transport  chain  linking  NADH  and  proline 
reductase  was  isolated  in  homogeneous  form  and  shown  to  be  glycoprotein. 
The  glycosyl  portion  is  made  up  of  three  different  sugars,  one  of  which 
seems  to  be  xylose.   No  amino  sugars  were  detected.   In  view  of  the  fact 
that  proline  reductase  is  a  membrane  protein  interaction  with  the  iron 
protein,  its  immediate  electron  donor,  presumably  is  facilitated  by  the 
presence  of  glycosyl  groups  on  the  latter.   The  amino  acid  composition 
of  the  iron  protein  is  typical  of  many  proteins.   There  is  one  gram  atom 
of  iron  per  mole  of  protein  (250,000  Mr). 

D.  5-deazaf lavin-dependent  reactions 

A  novel  cof actor,  8-hydroxy-5-deazaf lavin,  that  is  abundant  in 
methane-producing  bacteria  serves  as  electron  carrier  in  coupled 
oxidation  reactions  wherein  formate  (via  formate  dehydrogenase)  or 
molecular  hydrogen  (via  hydrogenase)  is  the  electron  donor  substrate. 
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A  dehydrogenase  that  specifically  utilizes  the  deazaflavin  as  cofactor 
then  reacts  with  a  pyridine  nucleotide  (NADP+)  and  generates  the 
reduced  pyridine  nucleotide.   The  mechanism  of  the  5-deazaf lavin- 
dependent  enzyme  mediated  reaction  involves  the  direct  transfer  of 
hydrogen  between  the  5-deazaflavin  and  NADP+.  The  stereochemistry  of 
this  direct  H-transfer  process,  studied  in  both  the  forward  and  reverse 
reactions  with  3H-specif ically  labeled  5-deazaf lavin -112  or  NADPH, 
showed  it  to  be  S^-specific  with  respect  to  NADP+.   In  careful  pH 
studies  the  nature  of  the  reactive  deazaflavin  species  has  been 
determined  in  both  the  forward  and  reverse  reactions. 

Homogeneous  preparations  of  the  5-deazaflavin  dependent  NADP 
reductase  from  Methanococcus  vannielii  contain  2  gram  atoms  of  zine  per 
mole.   Half  of  the  zinc  can  be  readily  removed  with  concomitant  loss  of 
50%  of  enzymic  activity.   Although  naturally  occurring  flavins  such  as 
FMN  and  FAD  do  not  serve  as  cofactors  for  the  enzyme  a  few  of  the 
synthetic  deazaflavin  analogs  of  the  natural  5-deazaflavin  cofactor 
that  have  been  prepared  exhibit  limited  cofactor  activity.   The  binding 
properties  of  these  or  other  analogs  will  be  tested  in  order  to  design 
a  derivative  suitable  for  affinity  chromatography.   Using  an  immobilized 
5-deazaflavin  chromatographic  reagent  it  will  then  be  possible  to 
examine  crude  extracts  of  methane-producing  bacteria  for  other  enzymes 
that  employ  the  deazaflavin  as  cofactor.   Enzjrmes  involved  in  the  overall 
pathway  of  CO2  reduction  to  CH4,  most  of  which  are  still  unknown,  could 
be  among  the  logical  candidates  to  also  employ  the  abundant  5-deazaflavin 
as  cofactor. 
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Annual  Report  of  the 
Section  on  Protein  Chemistry- 
Laboratory  of  Biochemistry 
National  Heart,  Lung,  and  Blood  Institute 
October  1,  1979  to  September  30,  1980 

Research  in  the  Section  on  Protein  Chemistry  consists  of  studies  on  the 
physical  and  chemical  properties  of  macromolecules  of  biological  interest  and 
on  the  roles  of  ligand  binding  and  protein-protein  interactions  in  enzyme 
catalysis  and  regulation. 

Glutamine  synthetase,  a  strictly  regulated  enzyme  in  Escherichia  coli , 
is  a  dodecamer  with  twelve  catalytic  sites.   Interactions  of  divalent  cations, 
substrates,  and  inhibitors  with  glutamine  synthetase  from  E_^  coli  have  been 
studied  by  microcalorimetry,  equilibrium  dialysis,  pH,  ultracentrifugal, 
spectral,  and  kinetic  techniques.   Calorimetrically  measured  heats  provide 
information  on  the  separateness  of  ligand  binding  sites  and  on  proton  uptake 
or  release  in  binding  reactions .   Thermal  saturation  curves  for  the  binding 
of  low  affinity  ligands  to  the  enzyme  give  thermodynamic  binding  parameters. 
A  reversible  thermal  transition  (observed  by  UV  difference  spectral  measure- 
ments) is  being  used  to  study  Me^"*"  and  ligand  stabilization  of  the  glutamine 
synthetase  structure.   The  thermal  transition  occurs  at  high  temperature  over 
a  narrow  temperature  range  and  appears  to  involve  the  exposure  of  one  cata- 
lytically  essential  tryptophanyl  residue  per  siibunit  with  parallel  changes 
in  catalytic  activity;  subunit  dissociation  does  not  occur  during  the  anneal- 
ing process.   Spectrophotometric  and  sedimentation  velocity  measurements  show 
that  unadenylylated  and  adenylylated  glutamine  synthetase  from  E_^  coli  undergo 
different  conformational  changes  on  binding  L-methionine-SR-sulf oximine ,  a 
proposed  transition  state  analog.   The  binding  of  this  analog  produces  both 
local  and  gross  conformational  differences  between  unadenylylated  and 
adenylylated  enzymes.   Calorimetric  and  UV  spectrophotometric  studies  are 
being  conducted  with  the  resolved  S  and  R  diastereoisomers  of  L-methionine-SR- 
sulfoximine  in  order  to  characterize  interactions  at  the  subunit  catalytic 
site  with  substrates  and  subunit  interactions  within  the  dodecamer.   UV 
spectral  changes  produced  by  the  S-  and  R-isomers  of  this  analog  are  essen- 
tially identical,  indicating  that  both  isomers  produce  a  similar  local  per- 
turbation of  aromatic  residues  on  binding.   However,  the  enzyme  has  an  approx- 
imately 10-fold  greater  affinity  for  the  S-  than  for  the  R-isomer.   Subunit 
interactions  appear  to  be  prevalent  when  ~  50%  of  the  subunit  catalytic  sites 
are  filled  with  the  S  isomer.   Calorimetric  measurements  show  that  the  heat 
for  binding  the  S-isomer  to  the  Mn-enzyme  is  about  twice  as  negative  as  that 
for  binding  the  R-isomer;  proton  effects  on  binding  these  diastereoisomers 
also  are  quite  different.   Preliminary  results  with  a  1:1  mixture  of  the  S- 
and  R-isomers  suggest  that  some  of  the  heat  and  proton  uptake  produced  by 
binding  the  S-isomer  to  the  Mn-enzyme  can  be  attributed  to  subunit  interac- 
tions.  In  related  studies,  L-glutamate  and  L-glutamine  have  been  found  to 
produce  different  UV  spectral  perturbations  on  binding  to  unadenylylated  and 
adenylylated  Mn  enzymes . 

A  novel  reaction  has  been  discovered  to  be  catalyzed  by  unadenylylated, 
manganese  glutamine  synthetase:   an  AMP-dependent  (reversible)  synthesis  of 
pyrophosphate  and  L-glutamate  from  orthophosphate  and  I^-glutamine.   The 
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synthesis  of  pyrophosphate  is  coupled  to  the  hydrolysis  of  the  amide  bond  of 
L-glutamine .   In  this  reaction,  Mg2+  will  not  substitute  for  Mn2+  and  the  fully 
adenylylated  Mn-enzyme  is  inactive.   Thus,  under  assay  conditions,  the  confor- 
mations of  the  Mn2+-  and  Mg^'''-unadenylylated  enzymes  and  of  the  Mn^"'"-unaden- 
ylylated  and  Mn^^'^-adenylylated  enzymes  must  differ.   Pyrophosphate  synthesis 
relates  to  the  mechanism  of  reactions  catalyzed  by  glutamine  synthetases  from 
various  sources,  and  shows  that  the  nucleotide  site  must  be  filled  for  synthe- 
sis of  the  3,Y  phosphate  bond,  which  results  in  PP^  or  ATP  synthesis  if  AMP  or 
ADP,  respectively,  is  the  supporting  nucleotide.   The  AMP-supported  synthesis 
of  PPi  and  L-glutamate  clarifies  the  role  of  AMP  in  related  reactions  catalyzed 
by  the  unadenylylated,  manganese  enzyme;  namely,  AMP-supported  arsenolysis  of 
L-glutamine  and  AMP-supported  y "glutamyl  transfer.   The  catalytic  site  of 
glutamine  synthetase  has  a  rather  broad  specificity  for  the  nucleotide  base, 
since  GMP  and  IMP  also  support  the  last  two  reactions. 

In  continuing  studies  of  metal  ion  interactions  with  glutamine  synthetase, 
we  have  explored  the  use  of  xylenol  orange  (a  Mn^^  binding  dye) ,  pyridine-2,6- 
dicarboxylic  acid  (dipicolinic  acid),  and  pH  indicator  dyes.   The  results 
demonstrate  the  general  usefulness  of  these  reagents  in  studies  of  protein-Mn2+ 
interactions.   Our  studies  show  that  Mn2+  binding  to  nj^  structural  sites  of 
glutamine  synthetase  promotes  a  transition  from  a  low-  to  a  high-affinity  con- 
formation.  In  this  process,  there  is  a  pK^  perturbation  (synchronous  with  the 
protein  conformational  change)  of  an  ionizable  amino  acid  residue  that  is  not 
involved  in  binding  Mn2+.   Mn2+  dissociation  from  the  enzyme  is  first  order 
with  a  half-time  of  0.22  second  at  IS'C,  as  measured  in  a  stopped-flow  apparatus 
with  xylenol  orange.   Experiments  with  dipicolinate  (in  the  absence  and 
presence  of  bromothymol  blue)  verifed  the  off-rate  of  Mn2+  from  the  enzyme  and 
showed  that  there  is  a  fast  proton  uptake  coincident  with  Mn^"*"  dissociation 
from  the  protein.   Thus,  one  proton  equivalent  appears  to  bind  at  the  rate 
of  Mn2+  dissociation  (presumably  to  a  group  within  the  Mn2+  binding  cluster) 
and  another  proton  equivalent  per  subunit  binds  after  Mn2+  release  as  the 
protein  undergoes  the  conformational  transition. 

The  studies  on  aspartate  transcarbamoylase  (ATCase)  from  E_^  coli  (in  col- 
laboration with  H.K.  Schachman  at  the  University  of  California,  Berkeley, 
California)  are  completed  and  give  an  estimate  of  the  enthalpy  change  for  the 
substrate-promoted  conformational  transition  (AHip^j^)  of  ATCase.   We  used  two 
calorimetric  approaches  and  a  high-affinity  bisubstrate  analog  N- (phosphon- 
acetyl) -L-aspartate  (PALA)  for  binding  to  ATCase  to  promote  the  conformational 
transition  of  the  enzyme;  (1)  A  (AH)  measurements  of  PALA  binding  to  ATCase 
at  different  stages  of  the  conformational  transition  (monitored  by  the  differ- 
ence sedimentation  technique)  in  K-PO4  and  K-PO4/TES  buffers  at  pH  7.0  and 
30°C  allow  calculation  of  the  heat  of  the  conformational  transition  from  an 
initial  T  state  to  a  final  R  state  (AH,p^j^)  ,  the  intrinsic  heat  of  binding  PALA 
(AHpj^j^)  ,  and  a  measure  of  proton  uptake  or  release  associated  with  the  confor- 
mational change  and  the  binding  of  PALA.   (2)  The  heats  of  assembly  of  cata- 
lytic trimers  (C)  and  regulatory  dimers  (R)  into  ATCase  (C2R3)  in  the  absence 
and  presence  of  PALA,  the  heat  of  binding  PALA  to  the  isolated  catalytic  sub- 
unit  (C)  of  ATCase,  and  the  value  of  AHp,^   from  (1)  give  another  estimate  of 
^^T^R-  "^^^   ^^°  approaches  in  (1)  and  (2)  give:   AH  =  -6  ±  3  and  -14  ±  9 
kcal/mol  of  ATCase,  respectively,  at  pH  7.0  and  30°C;  a  proton  uptake  of  2  to 
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to  6  equivalents  of  H+  per  mol  of  ATCase  accompanies  the  protein  conformation- 
al change.  With  ACp^j^  =  +  3.3  kcal/mol  of  ATCase  (Hewlett,  G.J., 
Blackburn,  M.N.,  Compton,  J.G.,  and  Schachman,  H.K.,  Biochemistry  1£,  5091- 
5099,  1977)  and  the  best  estimate  of  AHr^j^,  ASip^j^  =  -31  cal  (deg»mol  of 
ATCase)  "1  and  -TAS  =  +  9  kcal/mol.   Thus,  the  T-^-R  transition  of  ATCase  is 
entropically  controlled  at  30°C.   Sedimentation  analyses  of  assembly  reactions 
were  consistent  with  the  binding  of  PALA  to  C  subunits  causing  a  weakening  of 
regulatory  and  catalytic  interchain  contacts .   From  the  heats  of  subunit 
asserably  in  the  presence  and  absence  of  PALA  (-54  and  --76  kcal/mol  of  enzyme, 
respectively)  ,  the  PALA-linked  subunit  interaction  enthalpy  change  .  is  ■*•  22  ±  8 
kcal/mol  of  ATCase,  indicating  that  the  corresponding  entropy  change  is  posi- 
tive (1+80  cal/deg-  mol) . 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

A  Study  of  the  metabolism  of  the  branched-chain  amino  acids  has  revealed  a  path- 
way of  metabolism  of  leucine  that  is  catabolic  in  bacteria  and  appears  to  be 
synthetic  in  humans.   The  pathway  depends  upon  the  activity  of  the  enzyme, 
leucine  2, 3-aminomutase,  which  requires  adenosylcobalamin  as  a  cofactor.   Leucine 
may  be  synthesized  from  iso- fatty  acids  or  from  the  catabolites  of  valine.   The 
B]_2-dependent  enzyme,  leucine  2, 3-aminomutase,  is  stimulated  by  FAD,  coenzyme  A, 
NAD,  and  pyridoxal  phosphate.   The  relationship  between  enzyme  activity  and 
various  disease  states  such  as  pernicious  anemia  and  maple  sugar  urine  disease 
will  be  examined. 
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Project  Description 

Objectives;   The  catabolism  of  the  branched-chain  amino  acids ,  leucine 
isoleucine,  and  valine  remains  incompletely  understood.   Although  the  study 
of  certain  inborn  errors  of  metabolism,  e.g. ,  maple  syrup  urine  disease  and 
isovaleric  acidemia,  has  given  some  insight  into  the  metabolism  of  these 
amino  acids,  additional  information  has  been  derived  from  studies  of  bacterial 
feimentation.   The  objectives  of  this  project  are  to  establish  the  fermenta- 
tion pathways  of  leucine  and  the  other  branched-chain  amino  acids,  to  examine 
the  enzymes  responsible  for  the  various  metabolic  steps  in  these  fermentations, 
to  explore  the  distribution  of  these  pathways  in  other  species,  and  to  examine 
the  implications  of  these  pathways  in  human  metabolism. 

Major  Findings 

As  reported  previously,  when  cells  or  extracts  of  several  Clostridia, 
especially  Clostridium  sporogenes  and  Clostridium  lentoputrescens ,  are  incu- 
bated with  L-leucine,  several  metabolic  products  are  formed  that  are  consis- 
tent with  the  metabolic  pathway  reported  in  mammals.   However,  the  production 
of  isobutyrate  could  not  be  explained  by  previously  postulated  pathways. 
Evidence  was  accumulated  to  support  the  pathway: 

a-leucine  ^  3 -leucine  ->  3-ketoisocaproate  -^   acetate  +  isobutyrate 

The  first  step  is  catalyzed  by  the  enzyme,  leucine  2,3-aminomutase, 
which  requires  coenzyme  B12  [adenosylcob(III) alamin] .   This  enzyme  has  been 
partially  purified  from  a  variety  of  sources:   Clostridia,  spinach,  potatoes, 
and  sheep  liver.   It  has  been  measured  in  human  liver,  hair  roots,  and 
leukocytes. 

Certain  temperature  sensitive  mutant  cell  lines  of  mouse  L  cells  have 
been  proposed  as  animal  models  for  megaloblastic  anemia.   In  cooperation 
with  Dr.  Rose  Sheinin  of  the  University  of  Toronto,  this  proposed  model  was 
examined  for  leucine  2,3-aminomutase  and  for  its  response  to  adenosylcobalamin. 
The  studies  begun  last  year  and  completed  since  the  last  report  clearly  show 
that  there  was  no  correspondence  between  the  level  of  activity  of  the  enzyme 
and  the  addition  of  adenosylcobalamin;  nor  was  there  any  correspondence  between 
the  level  of  enzymic  activity  and  the  morphological  traits  on  which  the  model 
was  proposed.   While  it  is  unfortunate  that  a  good  model  has  not  been  found, 
it  is  valuable  to  know  that,  however  accurate  the  mouse  L  cell  model  may  be 
with  regard  to  DNA  synthesis  and  cellular  morphology,  t£  A1S9  and  ts  Cl  cell 
lines  are  essentially  normal  with  regard  to  their  B12  metabolism.   The  DNA 
and  morphology  characteristics  must  arise  from  a  Bi2~i'^^sps'^<^6^t  lesion.  . 

Studies  initiated  last  year  as  a  result  of  the  finding  that  patients 
with  untreated  pernicious  anemia  have  elevated  serum  3-leucine  levels  have 
been  continued.   Since  such  patients  are  deficient  in  63^2'  ^^e  enzyme 
leucine  2,3-aminomutase  is  probably  inactive.   In  such  circumstances, 
leucine  is  probably  not  the  source  of  the  g -leucine  and  another  source  must 
be  established.   At  least  two  possibilities  exist.   The  branched-chain  carbon 
skeleton  can  be  provided  by  beta  oxidation  of  fatty  acids  of  the  iso-series; 
the  3-ketoisocaproate  produced  can  be  transaminated  to  yield  3-leucine.   The 
other  possibility  is  that  valine  can  be  catabolized  to  isobutyrate  or  iso- 
butyryl- CO enzyme  A  which  can  condense  with  acetate  to  yield  g-ketoisocaproate. 
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It  has  been  shown  that  when  cell- free  extracts  of  rat  liver  are  incubated 
with  the  iso-fatty  acids,  isostearate,  isomyristate,  or  isocaproate,  there  is 
a  substrate- dependent  production  of  leucine.   This  production  is  stimulated 
by  the  addition  of  adenosylcobalamin  and  inhibited  by  intrinsic  factor  —  con- 
ditions expected  if  the  leucine  2, 3-aminomutase  functions  in  this  production. 
Moreover,  inciibation  of  the  extracts  with  valine  or  with  the  metabolites  of 
valine,  a-ketoisovalerate  or  isobutyrate,  in  the  presence  of  acetate  also 
leads  to  the  substrate-dependent  production  of  leucine.   This  production,  too, 
is  stimulated  by  adenosylcobalamin  and  inhibited  by  intrinsic  factor.   These 
findings  are  consistent  with  the  idea  that  the  pathway  through  g -leucine  may 
function  in  a  synthetic  direction.   Similar  results  were  obtained  when  the 
inciibations  were  conducted  with  extracts  of  hiaman  leukocytes  or  of  human  hair 
roots  (bulb  and  sheath) .   Not  only  was  there  a  substrate-dependent  production 
of  leucine  by  human  leukocytes,  but  when  the  extracts  were  inciibated  with 
radiolabeled  isobutyrate,  it  was  possible  to  isolate  radiolabeled  leucine  as 
a  product  of  the  incubation.   This  demonstrates  that  the  carbon  chain,  itself, 
is  directly  synthesized  from  these  fatty  acid  precursors . 

Several  sera  from  patients  with  metabolic  defects  have  been  examined 
during  the  year  with  regard  to  their  branched-chain  amino  acid  content.   Most 
notably  it  has  been  found  that  even  though  the  levels  of  leucine,  isoleucine, 
and  valine  are  greatly  elevated  in  cases  of  maple  syrup  urine  disease,  there 
is  no  detectable  g-leucine  in  the  serum  of  these  patients.   And  this  is  so 
even  though  the  B-[^2  content  of  the  serum  of  the  patients  is  noirmal.   This  sug- 
gests that  a  lesion  may  exist  in  leucine  2, 3-aminomutase  in  maple  syrup  urine 
disease.   It  has  not  yet  been  possible  to  obtain  either  leukocytes  or  tissue 
samples  to  assay  the  enzyme  directly. 

Initial  attempts  at  establishing  the  intracellular  locus  of  leucine 
2, 3-aminomutase  suggest  that  the  enzyme  is  in  the  cytosol,  principally,  of 
rat  liver.   This  contrasts  with  the  mitochondrial  locus  of  the  branched-chain 
amino  acid  dehydrogenases,  most  of  which  is  extrahepatic . 

As  mentioned,  leucine  2, 3-amincMnutase  has  been  measured  in  hair  roots. 
This  is  a  relatively  easily  obtained  tissue  and  should  lend  itself  to  sampling 
of  large  populations  for  entynia  activity.   The  activity  seems  to  survive 
quite  well  in  roots  that  have  been  taped  to  a  card  and  allowed  to  remain  at 
room  temperature  for  several  days.   This  suggests  that  samples  of  hair  roots 
can  be  sent  by  mail  with  little  effect  on  the  outcome  of  the  assay. 

Proposed  Course  of  Action 

The  leucine  mutase  will  be  purified  and  characterized.   To  this  end,  the 
conditions  which  yield  maximum  activity  in  cell  cultures  will  be  established, 
and  sources  which  may  yield  stable  enzyme  will  be  examined.   The  nature  of 
the  32^2  involvement  will  be  established  and  the  nature  of  the  other  cofactor 
involvement  will  be  examined.   The  distribution  of  the  pathway  in  normal  and 
diseased  mammalian  and  humcin  tissue  will  be  studied  as  will  its  relation  to 
plant  development.   The  relation  of  the  pathway  to  the  metabolism  of  other 
amino  acids  and  to  lipids  will  be  examined.   The  other  enzymes  in  the  pathway 
will  be  examined  and  their  cofactor  requirements  established. 
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Relevance  to  Biomedical  Research 

This  study  impinges  on  at  least  three  areas  of  medical  concern:   (1) 
the  mode  of  action  of  vitamin  B12  ^^   ^^s  metabolic  roles;  (2)  the  means  by 
which  organisms  catabolize  food  materials;  and  (3)  the  probable  nutritional 
value  of  plant  material  with  regard  to  vitamin  B]_2.   The  second  area  is 
directly  concerned  with  several  inborn  errors  of  metabolism  that  have  been 
shown  to  be  devastating  to  the  well  being  of  humans,  especially  in  the  in- 
stances of  maple  syrup  urine  disease,  isovalericacidemia,  and  disorders  of 
the  catabolism  of  short-chain  acids.   The  mode  of  action  of  B12  is  imperfectly 
understood,  but  its  importance  in  hematapoiesis  and  in  the  maintenance  of 
proper  neurological  function  is  exemplified  in  the  disease  of  its  metabolic 
deficiency,  pernicious  anemia. 

Publications 

Poston,  J.  Michael,  and  Hemmings.  Brian  A. :   Cobalamins  and  cobalamin- 
dependent  enzymes  in  Candida  utilis.   J.  Bacteriol.  140;   1013-1016,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

(1)  Study  of  E_;^  coli  alkaline  phosphatase  reveals  a  possible  regulatory  role  for 

negative  cooperativity .   It  provides  a  means  for  a  rapid  surge  or  decrease  in  en- 
zymic  activity  through  changes  in  the  concentration  of  an  allosteric  effector  sue- 
as  Mg(II)  which  can  practically  desensitize  the  negative  cooperativity.  (2)  Mechah 
istic  study  of  2-aza-e-adenylylated  glutamine  synthetase  (GS)  reveals  the  catalyt 
cycle  for  the  adenylylated  GS •   Topographical  information  on  the  adenylylation  anji 
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catalytic  sites  and  substrate  induced  conformational  changes  of  the  adenylylated 
enzyme  were  obtained  using  a  spin- labeled  Tempo-adenylylated  GS.   Results  from 
fluorescence  and  polarization  studies  on  the  binding  of  L-methionine-S-sulfoximinfe 


and  its  R-isomer  to  the  Mg{II)  activated  unadenylylated  GS  confirm  the  homologous 
subunit  interaction  in  GS.   (3)  Mechanistic  study  on  the  activation  of  cyclic 


nucleotide  phosphodiesterase  by  calmodulin  may  reveal  a  general  mechanism  for 
almodulin  activation  of  enzymic  activity.   (4)  Theoretical  analysis  of  cyclic 
cascade  model  and  the  study  of  adenylylation-deadenylylation  of  the  GS  system  and 
phosphorylation-dephosphorylation  of  protein  are  being  continued.   The  mechanism 


and  regulation  of  actomycin  ATPase  were  investigated. 
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Project  Description 

Objectives;   (1)  Utilizing  the  physical-chemical  approach  to  study  the 
kinetics,  mechanism,  and  regulation  of  biochemical  activity.   In  particular, 
the  biochemical  action  between  the  substrates,  metabolites,  and  enzymatic 
activity  of  glutamine  synthetase  from  Escherichia  coli  will  be  elucidated. 
In  addition,  fast  kinetic  techniques  which  are  useful  in  these  studies  will  be 
improved,   (2)  Theoretical  analysis  of  the  cyclic  cascade  system  with  respect 
to  its  properties  and  function  in  the  metabolic  regulation  of  key  enzymes  will 
be  continued.   (3)  Isolation  of  the  regulatory  proteins  to  allow  detailed 
mechanistic  studies,  and  experimentally  verify  the  validity  of  the  cyclic 
cascade  model  described  in  (2) .   (4)  To  study  the  regulatory  mechanism  of 
calmodulin  activated  cyclic  nucleotide  phosphodiesterase. 

Major  Findings 

I.  Mechanistic  Study  of  Alkaline  Phosphatase;  A  Possible  Physiological 
Role  for  the  Extreme  Negative  Cooperativity.   With  the  increasing  number  of 
enzymes  reported  to  exhibit  strong  negative  cooperativity,  it  is  inevitable 
for  one  to  question  the  physiological  role  or  roles  of  this  extreme  foim  of 
negative  cooperativity.   Nearly  ten  years  ago,  based  on  the  study  of  E_^   coli 
alkaline  phosphatase,  Lazdunski  and  his  coworkers  conferred  a  possible  role 
for  the  idle  subunit  of  this  strong  negative  cooperative  enzyme  (Eur.  J. 
Biochem.  20;124,  1971).   E.  coli  alkaline  phosphatase  is  a  dimeric  enzyme  con- 
sisting of  two  identical  subunits.  At  alkaline  pH,  both  phosphate  binding  and 
catalysis  have  been  shown  to  proceed  via  a  strong  negative  cooperativity 
mechanism.   The  flip-flop  model  proposed  by  Lazdvinski  suggests  that  the  bind- 
ing of  the  first  substrate  to  the  dimer  greatly  decreases  the  affinity  of  the 
other  subunit  for  substrate.   The  formation  of  the  phosphorylated  enzyme  inter- 
mediate then  leads  to  regain  the  substrate  binding  capacity  of  the  second  sub- 
unit.   The  binding  energy  is  utilized  to  facilitate  the  dephosphorylation  re- 
action.  In  this  mechanism,  the  direct  phosphate  hydrolysis  step  is  assvuned 
to  be  negligible,  compared  with  the  substrate-facilitated  pathway.  With  the 
flip-flop  model,  the  catalysis  would  yield  a  normal  Michaelis-Menten  kinetic 
response,  because  the  second  power  terms  in  the  initial  rate  equation  for  the 
flip-flop  model  can  be  canceled  to  give  a  Michaelis-Menten  type  of  kinetic 
expression.   In  order  to  differentiate  the  flip-flop  model  from  a  simple 
mechanism,  which  does  not  involve  the  substrate- facilitated  product  release 
step,  an  alternative  substrate  method  was  -used,  because  in  the  presence  of  an 
alternative  substrate,  the  initial  rate  equation  derived  for  the  flip-flop 
model  contains  noncancelable  second  power  terms;  whereas  with  the  simple  model, 
the  alternative  substrate  simply  behaves  like  a  competitive  inhibitor.   There- 
fore, in  the  presence  of  an  alternative  substrate,  one  would  expect  a  nonhy- 
perbolic  kinetic  pattern  for  the  flip-flop  model  and  a  hyperbolic  kinetic 
pattern  for  the  simple  model.   Experiments  carried  out  with  CMP  as  alternative 
substrate  and  6-bromo-2-hydroxy-3-naphthoyl-0-anisidine  phosphate  as  s\ab- 
strate  showed  that  the  results  are  contradicted  with  the  flip-flop  model,  but 
is  consistent  with  the  simple  model.   To  avoid  the  possibility  that  the  ex- 
pected nonlinear  plot  expected  for  the  flip-flop  model  may  not  be  readily 
detectable  within  the  experimental  conditions,  we  made  use  of  the  constant- 
ratio  alternative  substrate  approach.   Under  these  conditions^  one  would  ex- 
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pect  linear  double  reciprocal  plots  for  both  the  flip-flop  model  and  the 
simple  model;  but  when  the  alternative  substrate  to  substrate  ratio  is  varied, 
one  expects  to  obtain  a  family  of  intercepting  lines  for  the  flip-flop  model, 
whereas  the  simple  model  will  yield  a  family  of  parallel  lines.   The  data 
obtained  for  this  type  of  experiment  yielded  only  parallel  lines.   Thus,  the 
results  are  in  accord  with  the  simple  model.   Furthermore,  since  the  unassist- 
ed phosphate  release  step  was  ignored  in  the  flip-flop  model,  the  substrate 
facilitated  phosphate  release  step  has  to  be  at  least  ten  times  faster  than 
the  unassisted  step.   However,  the  value  of  k^at  determined  from  steady- state 
kinetics  is  in  agreement  with  the  off-rate  of  inorganic  phosphate  measured  in 
the  absence  of  substrate  using  the  31p  nMR  method  (Biochemistry  15:1547, 
1976)  .   If  k(-,at  ^^^   the  "off-rate"  of  phosphate  are  of  the  same  magnitude, 
then  there  is  no  reason  for  the  existence  of  the  substrate-facilitated  path- 
way, unless  binding  of  substrate  will  facilitate  the  conversion  of  the  co- 
valently  bound  phoshate  to  the  noncovalently  bound  enzyme-phosphate  complex. 
To  explain  this  possibility,  the  kinetics  of  the  dephosphorylation  was 
measured  using  a  3-syringe  stopped-flow  machine.   The  results  show  that  the  \ 
dephosphorylation  step  is  about  ten  times  faster  than  kcat'  ^^'^   its  rate  is  un- 
affected by  the  presence  of  substrate  or  inorganic  phosphate. 

Therefore,  flip-flop  is  not  operative  in  alkaline  phosphatase.   To  search 
for  another  possible  role  for  the  strong  negative  cooperativity,  we  investi- 
gated the  possibility  of  desensitization  of  this  strong  negative  cooperativ- 
ity by  an  allosteric  effector.   In  this  aspect,  we  found  that  Mg(II)  can 
shift  the  high  K^  site  to  a  low  K^  site.   The  value  of  this  high  K^  is  shift- 
ed from  260  yM  to  5  yM  in  the  presence  of  Mg(II) .   However,  Mg(II)  exerts 
essentially  no  effect  on  the  low  Kj^  site.   In  other  words,  Mg(II)  can 
practically  desensitize  the  strong  negative  cooperativity  of  alkaline  phos- 
phastase.   Based  on  the  observation  with  Mg(II),  we  propose  that  strong  nega- 
tive cooperativity,  at  least  in  the  alkaline  phosphatase  case,  can  provide  a 
regulatory  role.   It  provides  a  means  for  a  rapid  surge  or  decrease  in 
enzymic  activity  through  changes  in  the  concentration  of  an  allosteric  ef- 
fector such  as  Mg(II) .   In  contrast,  positive  cooperativity  provides  a 
relatively  large  change  in  enzymic  activity  when  the  substrate  concentration 
is  varied  within  a  relatively  small  range. 

II.   Fluorescence  Binding  Study  of  L-Methionine-S,R-Sulfoximine: 
Additional  Evidence  Supporting  Subunit  Interaction  in  Unadenylylated  Glutamine 
Synthetase  (also  see  Annual  Report  of  S.G.  Rhee) .   We  have  previously  demon- 
strated that  the  rate  of  irreversible  inactivation  of  the  unadenylylated 
glutamine  synthetase  by  the  L-methionine-S-sulfoximine  slows  down  progressive- 
ly from  the  expected  first  order  rate.   This  observation  indicates  that  an 
inactivated  sub\anit  in  the  dodecameric  enzyme  retards  the  reactivity  of  its 
neighboring  subunits  toward  methionine  sulfoximine  and  ATP.   In  this  study, 
we  demonstrated  that  upon  addition  of  the  highly  resolved  L-methionine-S-sul- 
foximine or  its  R-isomer  to  the  Mg(II)  activated  unadenylylated  glutamine 
synthetase  in  the  absence  of  nucleotide,  the  protein  tryptophan  fluorescence 
was  enhanced  significantly.   Both  the  S-isomer  and  R-isomer  induced  a  fluor- 
escence increase  to  about  65%  of  the  initial  protein  fluorescence  intensity. 
This  is  significantly  different  from  5%  decrease  in  protein  fluorescence 
observed  due  to  the  binding  of  either  L-glutamate  or  L-glutamine  to  the 
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Mg(II)  activated  unadenylylated  enzyme.   These  results  indicate  that  the  L- 
methionine  sulfoximine  diastereomers  stabilize  a  distinctively  different  con- 
formational state  of  the  Mg(II)  activated  enzyme  than  that  associated  with  the 
binding  of  L-glutamate  or  L-glutamine.   The  difference  is  further  confirmed  by 
the  fact  that  in  the  presence  of  AMPPNP,  both  S-  and  R-isomers  cause  a  15%  in- 
crease in  protein  fluorescence,  whereas  no  fluorescence  change  was  observed 
when  glutamate  was  added  under  similar  conditions.   Binding  of  the  S-isomer 
also  causes  a  significant  change  in  fluorescence  polarization  as  monitored 
with  the  tryptophan  signal  of  the  protein.   The  polarization  decreased  from 
0.54  to  0.47  when  the  enzyme  was  90%  saturated  with  the  S-isomer.  With  the 
addition  of  ATP  (1.0  mM)  to  this  mixtvire,  the  enzyme  was  completely  inacti- 
vated due  to  the  formation  of  tightly  bound  ADP  and  methionine  sulfoximine 
phosphate,  and  the  polarization  was  further  decreased  to  0.44.   A  similar 
decrease  in  fluorescence  polarization  was  also  observed  when  the  enzyme  was 
saturated  with  ATP  and  glutamate. 

The  fluorescence  changes  induced  by  the  S-  and  R-isomer  were  used  to 
monitor  the  binding  of  these  ligands.   The  results  show  that  the  binding 
isotherm  for  the  S-isomer  exhibits  an  apparent  negative  cooperativity  with  a 
Hill's  number  equal  to  0.65  and  [Sjg.s  =  8.7  mM.   With  the  R-isomer  as  ligand, 
an  apparent  positive  cooperativity  was  observed  with  n^  =  1.3  and  [SJq.s  = 
7.1  mM.   In  the  presence  of  AMPPNP,  the  value  of  [Slg.s  for  the  S-isomer  is 
reduced  to  0.4  mM;  whereas  the  apparent  negative  cooperativity  remains  un- 
changed with  nfj  =  0.7.   Both  the  positive  and  negative  cooperativities  ob- 
served are  in  accord  with  the  existence  of  homologous  subunit  interaction  in 
the  fully  unadenylylated  enzyme.   Since  the  negative  and  positive  coopera- 
tivities were  detected  for  S-  and  R-isomers,  respectively,  it  suggests  that 
the  subunit  interaction  is  sensitive  to  the  absolute  stereochemistry  of  the 
tetrahedral  sulfoximine  moiety. 

III.   Mechanistic  Studies  of  2-Aza-e-Adenylylated  Glutamine  Synthetase 
(also  see  Annual  Report  of  S.G.  Rhee) .   The  catalytic  cycle  for  the  biosyn- 
thesis of  glutamine  catalyzed  by  the  unadenylylated  glutamine  synthetase  from 
E.  coli  has  been  elucidated  utilizing  the  intrinsic  tryptophan  fluorescence 
of  the  protein  (Proc.  Natl.  Acad.  Sci.  73_:476,  1976)  .   However,  due  to  the 
lack  of  detectable  signal  changes  accompanying  the  catalytic  process,  the 
detailed  mechanistic  action  of  the  adenylylated  enzyme  has  yet  to  be  investi- 
gated.  In  this  study,  the  enzyme  was  adenylylated  with  a  fluorescence  deriv- 
ative of  ATP,  2-aza-e-ATP.   With  this  ATP  analog,  one  can  adenylylate  the 
enzyme  up  to  10  2-aza-e-AMP  per  dodecamer.   The  2-aza-e-adenylylated  enzyme 
exhibits  similar  catalytic  properties  to  those  of  the  naturally  adenylylated 
enzyme  (see  Table  I) . 

The  fluorescence  spectrum  of  2-aza-e-adenylylated  enzyme  exhibits  two  ex- 
citation maxima  at  300  nm  and  368  nm,  and  the  emission  maximum  is  at  470  nm. 
The  emission  quant\im  yield  is  dependent  on  the  excitation  maximum  used  and  is 
sensitive  to  the  conformational  changes  induced  by  the  binding  of  divalent 
metal  ion,  and  substrate,  and  by  the  formation  of  reaction  intermediates. 
These  changes  in  fluorescence  intensity  were  utilized  to  monitor  the  tighten- 
ing reaction  of  relaxed  aza-adenylylated-GS,  the  binding  of  substrates  to  the 
Mn(II)  activated  aza-enzyme  for  both  the  transferase  reaction  (ADP,  Gin, 
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Table  I.   Comparison  of  the  Catalytic  Properties  of  the 
2-Aza-e-Adenylylated  and  Naturally  Adenylylated  Enzymes 


naturally 
adenylylated  GS 


2-aza-e -adenylylated 
GS 


Mn(II)  supported  activity 
Mg(II)  supported  activity 
pH  for  maximum  activity 
ATP 


K  for 

m 


Glu 

Nnt 


Relative  V 


max 


6.7 

33  yM 

5  mM 

0.1  mM 

1.0 


6.3 

50  yM 

6  mM 

0.13  mM 

1.3 


arsenate) ,  and  the  biosynthetic  reaction  (ATP,  Glu) .   Binding  of  NH2OH  and  NH3 
do  not  induce  any  significant  change  in  fluorescence  intensity,  except  when 
the  enzyme  is  saturated  with  ADP,  Asi  and  Gin,  or  ATP  and  Glu,  respectively. 
The  results  obtained  at  pH  7.2  indicate  that  ATP,  Glu,  ADP,  Gin,  and  arsenate 
can  bind  to  the  enzyme  with  a  random  order  mechanism.   The  binding  constants 
indicate  that  arsenate  antagonizes  the  binding  of  Gin,  while  it  exhibits  a 
strong  synergistic  effect  with  ADP  binding,  and  ADP  exerts  no  effect  on  Gin 
binding.   In  the  biosynthetic  system,  no  synergistic  effect  was  observed  be- 
tween ATP  and  Glu.   This  is  different  from  the  strong  synergistic  effect  be- 
tween ATP  and  Glu  observed  for  the  Mg(II)  activated  unadenylylated  enzyme. 
It  is  noteworthy  that  addition  of  ATP  and  Glu  to  the  catalytically  inactive 
Mg(II)  bound  aza-enzyme  only  causes  a  small  change  in  fluorescence  intensity, 
and  no  fluorescence  change  was  detected  due  to  the  binding  of  NH3  to  the 
Mg(II) 'aza-GS'ATP'Glu  complex.   The  rate  of  the  tightening  reaction  induced 
by  the  binding  of  either  Mg(II)  or  Mn(II)  to  the  divalent-metal-free  aza-GS 
was  monitored  by  the  fluorescence  change  (excited  at  368  nm) .   The  results 
show  that  the  same  rate  was  obtained  with  either  Mg(II)  or  Mn(II) ,  and  the 
reaction  proceeds  with  a  very  rapid  phase  followed  by  a  slow  step  which  has 
a  ti/2  of  135  seconds  at  20 "C  in  a  pH  7.2  buffer  containing  50  mM  Hepes-KOH 
and  0.1  M  KCl. 

A  rapid  kinetic  technique  was  used  to  elucidate  the  catalytic  cycle  for 
the  biosynthesis  of  glutamine  catalyzed  by  the  Mn(II)  activated  2-aza-e-aden- 
ylylated  enzyme.   All  the  experiments  were  carried  out  at  10°C  in  a  pH  7.2 
buffer  solution  containing  50  mM  Hepes-KOH,  0.1  M  KCl,  and  1  mM  MnCl2 .   The 
reactions  were  monitored  with  a  stopped- flow  fluorometer  for  the  change  of 
fluorescence  intensity  at  470  nm  setting  the  excitation  wavelength  at  either 
300  nm  or  368  nm.   The  rate  was  measured  for  the  reaction  of  various  combin- 
ations of  enzyme- substrate  complex  with  various  substrates.   The  data  suggest 
that  the  catalytic  cycle  can  be  described  by  the  following  scheme. 
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ATP,  Glu,  NH 

^'        >  E-ATP-Glu-NH. 


3  ""'^ 
Products   ^-^ 


I 


E  =  ADP-Pi=Gln  'T      _y-   I 


■^ 


4   ^   2 


where  E  represents  the  Mn(II)  activated  aza-adenylylated  GS  and  I^  is  fluor- 
escent distinct  reaction  intermediates.   The  rate  limiting  step  in  this  cycle 
is  the  formation  of  an  activated  E' -ATP 'Glu  complex  {I3) .   The  rate  constant 
for  this  step  is  ~  0.43  sec"-'-  which  is  in  reasonable  agreement  with  the  ki-,^^ 
of  0.5  sec~l  obtained  from  the  steady-state  assay. 

IV.  Study  of  2,2,6,6,-Tetrainethylpiperdine-l-oxyl  (Tempo)  Adenylylated 
Glutamine  Synthetase  by  the  ESR  Method  (also  see  Annual  Report  of  S.G.  Rhee) . 
Spin- labeled  ATP  was  used  to  adenylylate  the  E_^  coli  glutamine  synthetase. 
The  adenylylation  reaction  was  carried  out  until  7  Tempo-AMP  was  attached  to 
each  dodecameric  enzyme.   The  Tempo-AMP  adenylylated  enzyme  exhibits  similar 
catalytic  properties,  pH  profile,  and  inhibitor  susceptibility  to  those  of  the 
naturally  adenylylated  enzyme.   With  this  modified  enzyme,  it  is  possible  to 
monitor  the  environment  of  the  adenylylation  site  of  glutamine  synthetase 

by  measuring  the  ESR  signal  of  the  nitroxide  radical  on  the  Tempo-AMP  moiety. 
The  ESR  spectrum  of  the  spin-labeled  enzyme  is  very  similar  to  the  spectr\:mi 
of  free  Tempo-ATP.   This  suggests  that  the  Tempo  moiety  of  the  adenylylated 
enzyme  is  slightly  immobilized  and  possesses  a  rotational  correlation  time  of 
less  than  8  X  10~10  seconds.   This  rotational  correlation  time  is  at  least 
100- fold  lower  than  that  calculated  for  the  entire  dodecamer.   This  observa- 
tion is  in  agreement  with  the  NMR  data  (Proc.  Natl.  Acad.  Sci.  7_5:1255,  1978) 
which  indicates  that  the  regulatory  site  is  located  on  the  surface  of  the 
enzyme.   The  ESR  signal  is  quenched  by  the  enzyme  bound  Mn(II)  and  the  extent 
of  the  quenching  is  dependent  upon  the  distance  between  the  nitroxide  radical 
and  the  Mn(II)  binding  site.   The  data  obtained  by  monitoring  the  ESR  signal 
as  a  function  of  Mn(II)  concentration  in  the  absence  or  presence  of  substrates 
such  as  ATP,  Glu,  Gin,  ADP,  or  Pi  reveal  that:   (i)  The  Mn(II)  binding  con- 
stant for  the  tight  site  (nj_  site)  is  1.1  pM  and  for  the  catalytic  site  (n2 
site)  is  16.7  viM,  which  is  in  reasonable  agreement  with  the  values  of  1.8  yM 
and  18  yM  determined  by  equilibrium  dialysis  for  the  xi-^   and  n2  sites,  respec- 
tively,  (ii)  The  affinity  for  Mn(II)  at  x\.2   site  is  enhanced  significantly  in 
the  presence  of  ADP  and  Pi,  or  ADP  and  Gin,  or  ATP  and  Glu.   (iii)  The  sub- 
strate pairs  described  in  (ii)  also  induce  a  protein  conformational  change  as 
indicated  by  the  change  in  the  distance  between  the  nitroxide  radical  and  the 
bound  Mn(II) .   In  addition,  the  ESR  signal  was  also  used  to  demonstrate  the 
mutually  exclusive  binding  between  Mn(II)  and  Mg(II) . 

V.  on  the  Mechanism  of  Ca(II)  Activation  of  Calmodulin-Regulated  Cyclic 
Nucleotide  Phosphodiesterase  (see  Annual  Report  of  C.Y.  Huang) .   In  this 
study,  Ca(II)  binding  to  calmodulin  was  determined  using  both  the  intrinsic  . 
tyrosine  fluorescence  of  calmodulin  or  dansylated  troponin  C  as  Ca(II)  indica- 
tor.  The  results  show  that  the  binding  of  Ca(II)  to  calmodulin  exhibits  both 
positive  and  negative  cooperativity.   In  addition,  a  mechanistic  scheme  which 
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involves  all  the  Ca (II) -calmodulin,  enzyme-calmodulin,  and  Ca(II) -calmodulin- 
enzyme  complexes  was  proposed.   Although  the  parameters  required  to  describe 
the  proposed  mechanism  are  still  under  investigation,  current  results  have 
revealed  several  important  regulatory  properties.   They  are:   (i)  The  acti- 
vated calmodulin- enzyme  complex  contains  4  equivalents  of  Ca(II);  therefore, 
the  activation  of  the  phosphodiesterase  becomes  highly  sensitive  to  the  change 
in  Ca(II)  concentration.   (ii)  The  huge  increase  in  affinity  between  calmodu- 
lin and  enzyme  derived  from  Ca(II)  binding  can  be  accounted  for  by  a  relative- 
ly small  decrease  in  the  dissociation  constant  for  each  of  the  4  calciimi  bind- 
ing steps.   As  a  consequence,  Ca(II)  can  be  dissociated  relatively  rapidly 
from  the  calmodulin -Ca {II ) -enzyme  complex;  hence  the  enzymic  activity  can  be 
modulated  rapidly  in  response  to  the  changes  in  Ca(II)  concentration. 

VI.   Mechanism  and  Regulation  of  Rabbit  Skeletal  Muscle  Actomyosin 
ATPase  (for  details  see  Annual  Report  of  E.  Eisenberg) . 

(a)  The  Lynn-Taylor  model  for  the  actomyosin  ATPase  (Biochemistry  10; 
4617,  1971)  suggests  that  ATP  hydrolysis  required  the  dissociation  of 

ATP -actomyosin  complex  to  ATP-myosin  and  actin.   This  model  predicts  that  high 
actin  concentration  will  inhibit  the  ATPase  activity.   However,  using  myosin 
subfragment-1  (S-1) ,  we  have  demonstrated  that  (i)  S-l-ATP  is  in  rapid 
equilibrium  with  acto-S-1-ATP  and  that  under  conditions  where  there  is  a  sig- 
nificant amount  of  S-1  present  in  acto-S-1-ATP  form,  there  is  no  inhibition 
of  the  ATPase  activity;  (ii)  At  high  actin  concentration,  the  rate  of  ATP 
hydrolysis,  measured  either  by  fluorescence  enhancement  or  by  direct  Pi  assay, 
is  markedly  increased  relative  to  that  measured  at  low  actin  concentration. 
The  overall  results  indicate  that  the  acto-S-1  complex  is  not  dissociated  by 
ATP  during  the  hydrolysis.   Contrary  to  the  Lynn-Taylor  prediction,  high 
actin  concentration  is  not  only  noninhibitory  to  ATPase  activity,  it  also 
facilitates  the  ATPase  process  to  some  extent. 

(b)  It  is  believed  that  relaxation  of  skeletal  muscle  is  mediated  by  the 
troponin- tropomyosin  complex  which  binds  to  F-actin.   In  this  aspect,  it  has 
been  suggested  that  in  the  presence  of  ATP  and  absence  of  Ca(II),  tropomyosin 
physically  blocks  the  binding  of  the  myosin  cross-bridge  to  F-actin.   In  this 
study,  a  stopped-flow  machine  was  used  to  monitor  the  binding  of  S-l-ATP  and 
S-1-ADP-Pi  to  F-actin- troponin- tropomyosin  complex  in  the  presence  and 
absence  of  Ca(II).   The  results  show  that  in  the  absence  of  Ca(II)  under  a 
condition  when  actin-activated  ATPase  is  96%  inhibited  by  troponin-tropomyo- 
sin, the  troponin-tropomyosin  complex  exerts  very  little  effect  on  the  bind- 
ing of  S-l-ATP  or  S-1-ADP-Pi  to  F-actin.   Thus,  the  troponin- tropomyosin 
complex  does  not  inhibit  the  actin-activated  ATPase  by  preventing  the  binding 
of  S-l-ATP  or  S-1-ADP-Pi  to  actin;  instead  it  may  inhibit  the  release  of  Pi 
from  acto-S-1-ADP-Pi  complex. 

Significance  to  Biomedical  Research 

The  overall  objective  is  to  gain  a  better  understanding  of  how  enzymes 
function  with  respect  to  their  catalytic  and  regulatory  properties,  and  to 
elucidate  principles  of  interaction  between  effectors,  regulators,  and  pro- 
teins. 
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The  study  of  alkaline  phosphatase  reveals  a  possible  regulatory  role  for 
negative  cooperativity.   The  physical  and  mechanistic  studies  of  enzymic  ac- 
tion will  enhance  our  knowledge  of  how  enzymes  function.   This  knowledge  is 
instrumental  in  controlling  the  function  of  a  specific  enzyme  by  designing  an 
effector  or  enzyme  suicide  substrate.   The  study  on  calmodulin  activation  of 
cyclic  nucleotide  phosphodiesterase  can  reveal  a  general  mechanism  for  cal- 
modulin-dependent  Ca(II)  regulation  of  enzymic  activities. 

Proposed  Course  of  Research 

(1)  To  further  expand  the  cyclic  cascade  model  to  substrate  cascade  and 
more  complex  enzyme  cascade  systems;  and  to  further  analyze  the  kinetic  aspect 
of  the  cyclic  cascade  system. 

(2)  To  study  the  mechanism  of  the  cascade  reactions  which  regulate  the 
state  of  adenylylation  for  glutamine  synthetase.   We  plan  to  study  the  pro- 
tein-protein interaction  between  Pji  protein  and  ATase,  UTase,  and  UR,  and 
ATase-glutamine  synthetase  interaction,  by  physical,  chemical,  and  immunologi- 
cal methods,  to  test  the  validity  of  the  bicyclic  cascade  model,  and  to  study 
the  role  of  the  effectors  in  this  cascade  system.   In  addition,  the  phosphory- 
lation cascade  involving  c AMP -dependent  protein  kinase  and  phosphoprotein 
phosphatase  will  be  investigated. 

(3)  To  further  explore  the  physical,  chemical,  and  immunological  porper- 
ties  of  unadenylylated  and  adenylylated  glutamine  synthetase.   In  particular, 
we  shall  utilize  the  fast  reaction  technique,  NMR,  ESR,  and  fluorescence 
polarization  methods  to  elucidate  the  roles  of  effectors  and  to  identify  the 
intermediates  in  the  catalytic  cycle.   Laser  light  scattering  will  be  used  to 
study  protein-protein  interactions. 
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The  purpose  of  this  investigation  is  to  study  the  regulation  of  intracellular 
protein  turnover  in  Escherichia  coli  and  to  isolate  and  characterize  an  in  vitro 


cell-free  system  which  catalyzes  the  degradation  of  glutamine  synthetase  (GS) . 
The  current  studies  indicate  that  degradation  of  GS  by  E^  coli  extracts  might  be 
a  two-step  process  consisting  of  inactivation  followed  by  proteolysis.   The 
inactivation  reaction  was  first  observed  in  extracts  of  nitrogen  starved 
Klebsiella  aerogenes  (Fulks,  R.M.  (1977)  Fed.  Proc.  36,  3420) .   Similar  inactiva- 
tion occurs  when  GS  is  inciibated  with  ascorbate  (Levine,  R.L.  (1980)  Fed.  Proc. 
39,  401)  and  with  catalase-free  E^  coli  extracts.   This  reaction  requires  Fe3+, 
NADPH,  ©2  and  is  inhibited  by  catalase. 


— ; .,  ^  Rabbit  liver  microsomal  P450  mixed  func- 

tion oxidase  system  consisting  of  cytochrome  P450  and  NADPH  cytochrome  C  reductase 


catalyzes  a  similar  inactivation  and  this  system  has  been  used  as  a  model  to  study 
inactivation  without  proteolysis.   Techniques  used  in  these  studies  have  included 
polyacrylamide  pore  gradient  electrophoresis,  isotopic  labeling,  chromatographic 
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techniques,  autoradiography ,  enzymatic  assay  of  functional  proteins,  high  pres- 
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Project  Description 

The  control  of  intracellular  enzyme  level  is  important  in  metabolic 
regulation.   Changes  in  these  enzyme  levels  reflect  either  changes  in  the 
rate  of  protein  synthesis  or  changes  in  the  rate  of  degradation.   The  meta- 
bolic control  of  the  various  aspects  of  protein  synthesis  has  been  well 
characterized,  but  little  is  known  about  intracellular  degradation  or  its 
regulation.   The  object  of  this  investigation  is  to  elucidate  some  of  the 
basic  mechanisms  underlying  the  process  of  protein  degradation.   The  current 
studies  have  indicated  that  protein  degradation  might  be  a  two-step  process 
involving  inactivation  and  proteolysis.   This  report  is  concerned  primarily 
with  the  initial  step,  inactivation. 

Major  Findings 

It  has  been  exceedingly  difficult  to  demonstrate  inactivation  or  proteo- 
lysis of  glutamine  synthetase  (GS)  by  E^  coli  cell-free  extracts  derived  from 
cells  grown  under  a  variety  of  nutritional  conditions.   However,  Fulks  demon- 
strated rapid  inactivation  and  proteolysis  of  GS  in  K^  aerogenes  during  nitro- 
gen starvation  (Fulks,  R.M.  (1977)  Fed.  Proc.  39^,  3420)  .   Subsequent  studies 
in  this  laboratory  revealed  that  the  inactivation  reaction  required  Fe3+, 
NADPH,  and  02?  and  is  inhibited  by  catalase  (Fulks,  R.M.,  Levine,  R.L.,  and 
Stadtman,  E.R.,  unpublished  data).   In  addition,  nonenzymatic  treatment  of  GS 
with  ascorbate  produced  a  similar  inactivation  (Levine,  R.L.  (1980)  Fed.  Proc. 
39,  401) .   These  results  suggested  that  degradation  of  GS  might  be  at  least 
a  two-step  process  consisting  of  an  initial  inactivation  followed  by  proteo- 
lysis.  It  was  possible  that  the  inability  to  detect  proteolysis  of  GS  by 
E.  coli  extracts  was  due  to  the  presence  of  high  catalase  levels  which  in- 
hibited the  initial  inactivation.   When  similarly  prepared  extracts  of  K. 
aerogenes  and  E^  coli  were  tested  for  catalase  levels,  it  was  found  that  E. 
coli  extracts  possessed  high  catalase  levels,  while  K^  aerogenes  extracts 
were  nearly  devoid  of  catalase  activity.   Extract  mixing  experiments  revealed 
that  E^  coli  extracts  inhibited  the  inactivation  reaction  in  K^  aerogenes 
extracts . 

These  results  suggested  that  E^  coli  extracts  lacking  catalase  activity 
might  possess  the  capacity  to  degrade  GS.   The  first  approach  was  a  genetic 
one.   A  catalase-deficient  mutant  was  obtained  using  a  selection  based  on  a 
requirement  for  6 -aminolevulinic  acid,  an  intermediate  in  heme  synthesis. 
Another,  ferrochelatase  mutant,  was  obtained  from  the  E_^  coli  genetic  stock 
maintained  by  Dr.  Barbara  Bachmann.   Each  of  these  mutants  possessed  a  dif- 
ferent lesion  in  heme  synthesis  and  neither  was  a  catalase  apoprotein  mutant. 
When  extracts  of  these  mutants  were  prepared  and  tested  for  the  capacity  to 
degrade  GS  and  other  proteins,  only  azocasein,  azoalbumin,  and  denatured 
hemoglobulin  were  proteolyzed.   Except  for  one  experiment  which  could  not  be 
repeated,  GS  was  degraded  only  slowly  and  only  after  prolonged  incubations. 
An  explanation  for  these  observations  was  not  readily  apparent.   It  must  be 
emphasized,  however,  that  heme  mutations  are  not  specific  for  catalase  and 
presumably  affect  all  heme  proteins  and  therefore  a  variety  of  metabolic 
processes. 

An  alternative  approach  was  to  obtain  catalase- free  E^  coli  extracts 
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by  purification  and  to  test  these  extracts  for  the  capacity  to  degrade  GS. 
Catalase-free  preparations  were  obtained  by  treatment  of  crude  extracts  with 
streptomycin  sulfate,  followed  by  mercaptoethanol  precipitation,  ammonium  sul- 
fate precipitation,  and  then  chromatography  on  DEAE  cellulose  and  sepharyl  S-300, 
When  the  resulting  preparations  were  incubated  with  GS  in  the  presence  of  Fe^'*', 
NADPH,  O2,  and  ATP  rapid  proteolysis  was  observed.   Ascorbate-inactivated  GS 
was  degraded  more  readily  than  native  GS.   Degradation  of  native  GS  is  inhib- 
ited by  catalase,  whereas  catalase  has  no  effect  on  the  degradation  of  ascor- 
bate-inactivated GS.   These  same  preparations  catalyze  inactivation  of  GS. 

In  the  course  of  these  studies,  a  new  rapid  method  for  quantitating 
proteolysis  was  developed  which  involved  SDS  high  pressure  liquid  chromatog- 
raphy of  timed  samples  on  an  SW3000  size  exclusion  column.   Under  appropriate 
conditions,  it  was  possible  to  quantitate  loss  of  GS  siibunit  protein  as  a 
function  of  time  by  peak  area  integration.   Using  this  method,  it  was  found 
that  large  fragments  (17,000  and  35,000)  observed  in  subtilisin  model  studies 
(Dautry-Varsat,  A.,  Cohen,  G.N. ,  and  Stadtman,  E.R.  (1979)  J.  Biol.  Chem.  254, 
3124) ,  if  produced,  do  not  accumulate,  and  there  is  rapid  transient  generation 
of  multiple  small  molecular  weight  fragments  of  10,000  or  less. 

In  order  to  study  the  inactivation  reaction  without  proteolysis,  it  was 
necessary  to  either  separate  the  respective  activities,  inhibit  the  proteo- 
lysis, or  find  a  purified  enzyme  system  capable  of  carrying  out  inactivation. 
Since  the  inactivation  reaction  requirements  were  similar  to  P45o-catalyzed 
mixed  function  oxidase  reactions,  the  latter  alternative  was  selected.   The 
P450  components  were  obtained  from  several  investigators  (Dr.  Minor  Coon, 
University  of  Michigan,  Dr.  Harry  V.  Gelboin,  NIH,  and  Dr.  Paul  Thomas, 
Hoffman  LaRoche,  Inc.)  and  tested  for  the  capacity  to  inactivate  GS.   It  was 
found  that  the  microsomal  P450  system  catalyzed  an  NADPH-dependent  inactiva- 
tion of  GS  that  was  similar  to  the  inactivation  observed  with  the  bacterial 
extracts  and  with  ascorbate.   The  reaction  required  Fe-^"*",  ©2,  and  was  inhib- 
ited by  catalase.   The  reaction  is  stimulated  by  ATP  and  ADP,  but  not  by  CTP, 
GTP,  UTP,  AMP,  or  the  ATP  analogue  AMP-PNP .   The  nature  of  the  nucleotide 
stimulation  is  not  known.   In  addition,  unadenylylated  GS  is  protected  from 
inactivation  by  ATP  and  glutamate,  whereas  the  adenylylated  GS  is  unaffected 
by  these  cosiobstrates.   Neither  glutamate  or  ATP  alone  has  a  protective 
effect.   These  results  suggest  that  the  inactivation  reaction  may  be  physio- 
logically important. 

It  was  then  found  that  catalase-free  E_^  coli  preparations  which  were 
capable  of  GS  inactivation  and  proteolysis  possessed  both  P450  and  NADPH- 
cytochrome  C  reductase  activity.   However,  definitive  proof  that  these  com- 
ponents function  directly  in  the  GS  inactivation  reaction  in  E_^  coli  extracts 
awaits  purification  and  reconstitution  of  the  respective  activities.   These 
catalase-free  preparations  also  proteolyze  microsomal  P450  inactivated  GS 
more  readily  than  native  GS. 

Proposed  Course  of  Action 

We  have  partially  characterized  a  reaction  which  inactivates  E_^  coli  GS 
and  renders  the  GS  more  susceptible  to  proteolysis.   This  reaction  is 
catalyzed  enzymatically  by  a  purified  rabbit  liver  microsomal  P450  mixed 
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function  oxidase  system.   The  inactivation  requires  NADPH,  02?  and  Fe   ,  and 
is  observed  in  Klebsiella  extracts  and  E^  coli  catalase-free  extracts.   It  is 
important  to  determine  if  this  inactivation  is  a  general  property  of  mixed 
function  oxidation  systems,  and  therefore  if  Pseudomonas  pudita  purified 
P45O  cam  system  also  catalyzes  this  reaction.   It  is  also  important  to  deter- 
mine the  nature  of  the  inactivation  reaction.   Dr.  R.  L.  Levine  has  obtained 
evidence  suggesting  that  a  single  tyrosine  residue  per  GS  subunit  is  altered 
during  asocorbate  inactivation,  and  this  modification  leads  to  characteristic 
UV  spectral  changes.   If  the  enzymatic  inactivation  leads  to  a  similar 
modification  which  exhibits  similar  spectral  changes,  it  may  be  possible  to 
monitor  and  quantitate  this  reaction  spectrally.   It  would  then  be  possible 
to  assay  a  P45o-directed  modification  in  proteins  where  one  or  more  susceptible 
residues  are  not  active  site-associated  residues,  or  do  not  affect  enzyme 
activity.   The  potential  difficulty  with  these  studies  is  quantitating  small 
UV  spectral  changes  in  the  presence  of  NADP-NADPH.   However,  it  has  been 
found  that  P450  is  capable  of  oxidizing  certain  substrates  by  a  peroxidase- 
type  reaction  in  the  presence  of  peroxy  compounds  (Blake,  R.C.  and  Coon,  M.J. 
(1980)  J.  Biol.  Chem.  255,  4100) .   If  the  inactivation  reaction  occurs  in  the 
presence  of  organic  peroxides,  and  if  this  reaction  bypasses  the  NADPH 
coupling  system,  it  might  be  possible  to  monitor  the  reaction  spectrally  in 
the  absence  of  NADP-NADPH.   Other  experiments  designed  to  identify  the  target 
residue  or  residues  might  involve  the  use  of  k125i,   if  inactivation  occurs 
in  the  presence  of  k125i,  and  if  labeled  iodide  is  incorporated  into  the 
inactivated  product,  then  labeled  products  could  be  recovered  following 
hydrolysis  and  amino  acid  analysis. 

It  would  be  important  to  purify  and  reconstitute  the  component  or  com- 
ponents necessary  for  the  inactivation  reaction  in  E^  coli.   In  addition,  if 
labeled  native  GS  was  prepared,  enzymatically  inactivated  and  reisolated, 
this  material  could  be  used  as  a  siibstrate  to  assay  and  therefore  isolate  a 
protease  or  proteases  which  degrade  the  modified  or  inactivated  protein. 

There  are  many  questions  concerning  the  regulation  of  inactivation.   In 
Klebsiella  extracts,  in  Ej_  coli,  and  in  the  microsomal  P450  system,  catalase 
inhibits  the  inactivation  reaction.  Catalase  is  found  in  all  cells  from 
which  the  inactivating  activities  were  derived.   If  this  inactivating  reaction 
functions  physiologically,  then  the  catalase  effect  must  be  explained. 
Several  possibilities  have  been  suggested,  for  example,  catalase  activity 
might  be  highly  regulated  in  vivo,  catalase  activity  and  the  inactivating 
activity  might  be  physically  separated  by  compartmentation  or  the  in  vivo 
inactivation  reaction  proceeds  via  an  organic  peroxide  which  is  resistant 
to  catalase  activity.   There  is  much  to  be  learned  about  this  inactivation 
reaction,  the  nature  of  P45o-mixed  function  oxidase-directed  enzyme  modifica- 
tion or  inactivation,  its  physiological  function  and  potential  role  in  intra- 
cellular protein  turnover. 
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SUMMARY  OF  WORK  (200  words  or  less  -  ur\derli  ne  keywords) 
Research  in  tnis  Section  consists  of  studies  on  the  physical  and  chemical  proper- 
ties of  proteins  of  biological  interest  and  the  roles  of  ligand  binding  and 


protein-protein  interactions  in  enzyme  catalysis  and  regulation. 


(1)  Interactions  of  divalent  cations,  substrates,  and  inhibitors  with  glutamine 
synthetase  from  Escherichia  coli  have  been  studied  by  calorimetry,  ultracentrifu- 


gation,  equilibrium  dialysis,  pH,  spectral,  thermal  perturbation,  and  kinetic 
techniques.   L-Methionine-SR-sulfoximine  (a  transition  state  analog)  promotes  botlh 


local  and  gross  conformational  differences  between  unadenylylated  and  adenylylated 
enzymes;  thermodynamic  parameters  for  the  binding  of  the  S_  and  R  diastereoisomers 


of  this  analog  differ. 

The  unadenylylated  Mn-enzyme  catalyzes  a  novel,  AMP-dependent  (reversible)  syn- 
thesis of  pyrophosphate  and  L-glutamate  from  orthophosphate  and  L-glutamine. 


(2)  A  calorimetric  estimate  of  the  enthalpy  change  for  the  substrate-promoted 
conformational  transition  of  aspartate  transcarbamoylase  from  Ej_  coli  is  -6  kcal/ 


mol.   From  heats  of  siibunit  assembly  in  the  presence  and  absence  of  a  bisubstrate 
analog,  the  substrate-linked  subunit  interaction  enthalpy  change  is  +  22  kcal/mol 
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Project  Description 
Objectives; 

(1)  To  study  the  physical  and  chemical  properties  of  glutamine  synthetase 
from  Escherichia  coli,  particularly  with  respect  to  the  correlation  of  the 
structure  and  catalytic  function  of  this  enzyme. 

(2)  To  study  conformational  and  stabilization  changes  of  a  protein  macro- 
molecule  effected  through  the  specific  binding  of  small  molecules  and  the  re- 
lationship of  such  effects  to  enzyme  catalysis  and  regulation. 

(3)  To  investigate  the  role  of  AMP  in  supporting  Y~9lutamyl  transfer  and 
other  activities  of  unadenylylated  manganese-glutamine  synthetase. 

(4)  Kinetic  and  equilibrium  studies  of  protein-metal  ion  interactions, 
using  glutamine  synthetase  and  dye-metal  ion  complexes,  using  the  enzyme  + 
Me2+  in  the  presence  of  pH-indicator  dyes,  and  using  the  manganese-enzyme  and 
pyridine-2,6-dicarboxylic  acid  in  the  absence  and  presence  of  a  pH  indicator 
dye. 

(5)  Ultracentrifugal,  calorimetric ,  and  electrophoretic  studies  to  deter- 
mine macromolecular  properties  of  biologically  important  proteins. 

(6)  To  measure  the  enthalpy  change  for  the  substrate-promoted  transition 
of  aspartate  transcarbamoylase  from  E_^  coli,  using  two  calorimetric  approaches 
and  ultracentrifugal  techniques. 

Major  Findings 

(1)  Interactions  of  L-methionine  sulfoximine  and  sv±>strates  with  unaden- 
ylylated and  adenylylated  glutamine  synthetase  forms  from  E^  coli.   (Investi- 
gators:  A.  Shrake,  E.G.  Gorman,  and  A.  Ginsburg) .   Glutamine  synthetase,  a 
strictly  regulated  enzyme  in  E^  coli,  is  a  dodecamer  with  twelve  catalytic 
sites.   It  was  previously  reported  that  the  binding  of  L-methionine-SR-sulfox- 
imine  (a  transition  state  analog)  at  the  subunit  catalytic  site  promotes  dif- 
ferent local  and  different  gross  structural  changes  in  unadenylylated  (GS)  and 
adenylylated  (GSj2")  glutamine  synthetase.   Negative  cooperativity  (with  Hill 
coefficients,  n^  <    1)    in  binding  this  analog  to  the  enzyme  was  observed  also. 

The  present  studies  were  undertaken  to  characterize  the  interaction  of 
glutamine  synthetase  with  the  S  and  R  diastereoisomers  of  L-methionine  sul- 
foximine, when  added  separately  or  as  a  1:1  mixture  of  the  S-  and  R-isomers. 
For  these  studies,  the  separate  S-  and  R-isomers  of  L-methionine  sulfoximine 
were  provided  by  Dr.  F.C.  Wedler  (Penn  State  University) .   Table  I  summarizes 
results  (obtained  by  A.  Shrake)  from  UV  spectrophotometric  titrations  of 
MnGS^,  Mn-ADP*GSQ,  and  MnGSy^  complexes  with  L-methionine-£-sulfoximine,  L- 
methionine-R- sulfoximine,  and  a  1:1  mixture  of  the  S-  and  R-isomers,  using 
ligand-promoted  protein  difference  spectra.   The  1:1  mixture  of  diastero- 
isomers  gave  the  same  values  (within  experimental  error)  as  obtained  before 
with  commercial  L-methionine-SR-sulfoximine  (Shrake  et  al. ,  1980) .   Although 
only  S  isomer  is  in  the  correct  configuration  to  be  phosphorylated  by  ATP  on 
the  enzyme  surface,  both  the  S  and  the  R  isomers  produce  the  same  protein 
difference  spectrum  for  each  enzyme  species  studied.   However,  the  half- 
saturation  values  [SJq.s  for  the  R  isomer  were  consistently  greater  than 
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those  for  the  S  isomer.   This  suggests  that  subunit  interactions  play  a  role 
in  binding,  since  the  unadenylylated,  manganese  enzyme  has  about  the  same 
affinity  for  the  two  isomers  in  the  commercial  mixture  of  S  and  R  isomers 
(Shrake  et  al. ,  1980) .   That  is,  when  ~  50%  of  the  sites  of  the  dodecamer  are 
filled  with  S  isomer,  the  unoccupied  remaining  sites  must  have  a  greater  af- 
finity for  the  R  isomer  than  when  only  R  isomer  is  present.   Experiments  are 
in  progress  to  demonstrate  that  this  type  of  subunit  interaction  occurs.   With 
only  the  S  isomer  present,  negative  cooperativity  in  binding  this  analog  is 
observed  with  the  unadenylylated  and  adenylylated  Mn-enzymes. 


Table  I.   Spectrophotometric  Titration  Data:   Glutamine  Synthetase 
+  L-Methionine  Sulfoximine  (S  and  R  Diastereoisomers) 


Binding  reaction      Peak     Trough     A  e 

of  GS  subunit         (nm)       (nm)     (M  subunit 


max 


-1 


[S] 


0.5 


mM 


H 


Mn-GS-  +  S  isomer 


0 


+  R  isomer 
+  (S  +  R) 


285.5 


+  R  isomer        " 
+  (S  +  R) 

Mn-ADP-GS-  +  S  isomer   285.1 


+  R  isomer 
+  (S  +  R) 


Mn-GS—  +  S  isomer     284.0 


281.5 


281.6 


297.0 


520 
450 
544 

398 
440 
434 

740 
655 

700 


0.031 

0.8 

0.39 

0.9 

0.062 

0.8 

<    0.001^ 

N.D 

0.063 

0.6 

~    0.010 

1.0 

0.11 

0.5 

0.91 

1.0 

0.15 

0.7 

All  measurements  were  made  at  25°C  in  20  mM  Hepes/KOH  -100  mM  KCl- 
1.0  mM  MnCl2  buffer  at  pH  7.1;  GSq  and  GSj^  ^^e  the  unadenylylated  and  aden- 
lylylated  enzyme  complexes,  respectively.   For  forming  the  Mn*ADP-GS  complex, 
a  free  concentration  of  0.1  mM  ADP  was  used. 

The  affinity  of  this  complex  for  the  S  isomer  is  too  great  to  measure 
a  [S]q^5  value  by  this  technique. 


Concurrent  calorimetric  studies  of  E.G.  Gorman  have  provided  AH  values 
and  proton  uptake  and  release  data  for  the  interactions  of  the  unadenylylated 
Mn  enzyme  with  S,  R,  and  a  1:1  mixture  of  S  and  R  isomers  of  L-methionine 
sulfoximine.   Thermal  titrations  for  each  ligand  and  for  the  mixture  of  iso- 
mers were  performed  in  two  buffers  (Hepes/KOH  and  Tris/HCl,  at  pH  7.1,  30°C) 
which  do  not  interact  with  the  protein  and  have  different  heats  of  proton- 
ation;  A  (AH)  =6.2  kcal/mol  for  the  difference  in  proton  uptake  between  these 
two  buffers.   These  data  give  information  on  the  number  of  protons  involved 
in  each  binding  reaction  and  on  cooperative  effects  that  may  be  manifested 
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by  heats  of  binding  in  different  ranges  of  ligand  saturation  and  allow  cor- 
rection of  observed  heats  to  enthalpies  of  binding.   Combining  the  calorim- 
etric  data  with  AG'  values  (calculated  from  [S]o.5  values  of  Table  I  or 
from  thermal  titration  curves)  gives  the  thermodynamic  parameters  sximmarized 
in  Table  II. 


Table  II.   Thermodynamic  Parameters  for  the  Interaction  of  Unadenylylated, 

Manganese  Glutamine  Synthetase  with  L-Methionine  Sulfoximine 

(S  and  R  Diastereoisomers)  or  with  L-Glutamine 


Binding  reaction       AG' 

AH 

A  S 

Proton  Effect 

of  GS  subunit       kcal  (mc 

)1 

subunit) 

-1 

cal 

( deg •  mo 

!)■ 

-1 

Eq  (mol  subunit) 

Mn  GS  +  S  isomer     -  6.2 

-19.0 

-  42 

0.7  H  uptake 

+  R  isomer     -  4.9 

-  9.6 

-  16 

0.3  H   release 

+  (S  +  R)       -  6.0 

~ 

-  23 

~  -  56 

~  1 . 5  H  uptake 

+  L-glutamine   -  3.0 

-  9.7 

-  22 

0 

^  Experiments  with  GSJ  at  30°C  in  20  mM  Hepes/KOH  or  100  mM  Tris/HCl 
buffers  at  pH  7.1  containing  100  mM  KCl  and  1.0  mM  MnCl2. 

^  These  data  are  from  A.  Shrake,  D.M.  Powers,  and  A.  Ginsburg  (1977) 
Biochemistry  16,  4372-4381  and  are  included  for  comparison. 


The  data  in  Table  II  show  interesting  differences  between  the  modes  of 
binding  the  S  and  R  diastereoisomers  of  L-methionine  sulfoximine  to  glutamine 
synthetase.   This  type  of  information  is  quite  unique  and  potentially  can  be 
used  for  mapping  interactions  between  substrates  and  the  active  site  of  the 
glutamine  synthetase  subunit. 

When  bound  to  the  enzyme,  the  S  isomer  is  believed  to  assume  a  conforma- 
tion in  which  the  nearly  tetrahedral  geometry  of  the  sulfoximine  moiety 
CH      NH  is  closely  analogous  to  that  of  the  postulated  tetrahedral  L-gluta- 
■^     '''   mate  intermediate  formed  during  the  course  of  L-glutamine  synthe- 
S'     sis.   As  a  transition  state  analog  proposed  by  A.  Meister,  the 
%,   S-methyl  group  of  L-methionine-S-sulfoximine  occupies  the  ammonia 
°   site  of  the  enzyme  and  the  sulfoximine  nitrogen  atom  is  positioned 
for  phosphorylation  by  ATP.   The  relative  positions  of  the  nitrogen  and  oxy- 
gen atoms  are  reversed  in  the  R  isomer.   The  heat  for  binding  the  S  isomer  to 
the  Mn2-subunit  complex  is  about  twice  as  negative  as  that  for  binding  the  R 
isomer  or  that  for  binding  L-glutamine  (Table  II) .   The  AS  data  indicate  that 
the  binding  of  the  S  isomer  has  a  greater  ordering  effect  than  that  produced 
by  R  isomer  or  by  L-glutamine  binding.   Furthermore,  the  binding  of  the  S 
isomer  and  R  isomer  to  the  enzyme  subunit  produces  a  0.7  H"*"  uptake  and  a 
0.3  H+  release,  respectively.   For  these  binding  reactions,  Hill  coefficients 
from  calorimetric  data  were  essentially  the  same  as  those  given  in  Table  I, 
indicating  about  the  same  cooperativity  in  heats  as  in  spectral  perturbations. 
The  preliminary  data  with  the  mixture  of  S  and  R  isomers  suggest  that  the 
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heat  of  binding  the  R  isomer  becomes  more  negative  in  the  presence  of  S  isomer, 
since  the  binding  of  S  isomer  apparently  increases  the  affinity  of  other  sub- 
units  for  the  R  isomer.   The  proton  uptake  in  this  case  may  partially  reflect 
conformational  changes  arising  from  subunit  interactions. 

We  plan  to  continue  calorimetric  studies,  using  nucleotides  and  nucleo- 
tide analogs,  Mg2+  substituted  for  Mn2+,  and  also  L-methionine-£-sulfoximine 
phosphate  for  binding  experiments  with  the  unadenylylated  enzyme.   In  addition, 
comparable  data  to  those  given  in  Table  II  will  be  obtained  with  the  fully 
adenylylated,  manganese  enzyme. 

In  view  of  the  protein  difference  spectra  produced  by  the  binding  of 
L-methionine  sulfoximine  to  glutamine  synthetase  (Table  I) ,  we  carefully 
looked  for  similar  conformational  changes  produced  by  the  binding  of  L-glut- 
amate  and  L-glutamine  to  Mn-enzyme  forms.   In  general,  we  found  small  but 
real  spectral  perturbations  of  glutamine  synthetase  in  the  presence  of  high 
concentrations  of  these  substrates  using  the  0.02  absorbance  scale  of  a  Gary 
Model  219  spectrophotometer.   With  unadenylylated  glutamine  synthetase  (GSj) 
and  60  mM  L-glutamate,  a  small  tyrosyl  perturbation  was  observed  with  the 
amplitude  at  283  nm  equal  to  about  20%  of  that  produced  by  saturating  L-methio- 
nine sulfoximine.   With  the  fully  adenylylated  enzyme  (MnGS-jy)  ,  the  difference 
spectrum  produced  by  binding  L-glutamine  was  substantial  (66%  of  the  ampli- 
tude observed  with  saturating  L-methionine-SR-sulfoximine) ,  and,  as  in  the 
case  of  the  analog,  indicated  that  covalently  bound  AMP  groups  were  perturbed 
by  L-glutamine  binding.   A  spectrophotometric  titration  of  MnGSj2"  with  L-glut- 
amine gave  Kp   =5  mM,  which  is  the  same  value  as  determined  previously  by 
calorimetry.   Spectral  perturbations  produced  by  L-glutamate  binding  to 
MnGSjj  were  smaller  and  different  from  those  produced  by  L-glutamine.   The 
feasibility  of  continuing  to  measure  spectral  perturbations  produced  by  siib- 
strate  binding  to  unadenylylated  and  adenylylated  glutamine  synthetase  will 
depend  on  the  capability  of  a  UV  spectrophotometer  such  as  the  Hewlett-Packard 
Model  8450. 

(2)  Studies  of  a  reversible  thermal  transition  in  glutamine  synthetase. 
(Investigator:   A.  Shrake) .   As  previously  reported,  a  partial  unfolding 
(without  subunit  dissociation)  of  glutamine  synthetase  can  be  observed  by 
temperature-induced  protein  difference  spectra  corresponding  to  the  exposure 
of  tryptophan  and  tyrosine  side  chains.   We  have  attempted  to  demonstrate  that 
the  spectral  melting  cuirves  (measured  under  equilibriiam  conditions)  ,  which 
first  indicated  the  presence  of  the  reversible  transition,  are  paralleled 
by  changes  in  catalytic  activity  in  higher  temperature  regions.   An  Arrhenius 
plot  of  Mn-catalyzed  Y~glutamyl  transfer  activity  at  pH  7.0  with  unadenylyla- 
ted enzyme  was  linear  from  4°C  to  ~  55 °C.   However,  above  55 °C,  the  plot  was 
concave  downward  with  measured  activities  less  than  those  predicted  from  a 
linearly  extrapolated  Arrhenius  plot.   At  12°C,    the  measured  activity  was  50% 
of  that  predicted.   The  loss  in  activity  is  reversible.   Except  for  L-glut- 
amine and  hydroxy lamine,  all  substrates  were  saturating  at  10°C    (at  37 °C, 
all  substrates  are  saturating).   The  Kjjj's  for  L-glutamine  and  hydroxylamine 
were  determined  at  72 °C  and  correction  of  the  measured  activity  for  subsat- 
uration  with  these  substrates  still  gave  a  saturating  activity  that  was  only 
80%  of  that  predicted  by  the  extrapolated  Arrhenius  plot.   Thus,  part  of  the 
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reversible  loss  of  catalytic  activity  from  55-72 °C  is  probably  due  to  the 
thermal  transition.   This  is  further  indicated  by  a  van't  Hoff  plot  of  the 
Kin's  for  L-glutamine  at  15,  30,  45,  and  72 "C.   The  van't  Hoff  plot  is  linear 
for  the  lowest  three  temperatures  with  an  associated  van't  Hoff  AH°  of  -1 
kcal/mole  of  siibunit  [to  be  compared  to  AH  =  -7.4  kcal/mol  measured  for  the 
binding  of  L-glutamine  to  the  Mn-GS-ADP  complex  at  30''C,  pH  7.1;  Shrake,  A., 
Powers,  D.M.,  and  Ginsburg,  A.,  Biochemistry  16,  4372-4381,  1977].   The  extra- 
polated van't  Hoff  plot  predicts  a  value  of  3.9  mM  for  K'S^^   at  72 °C,  whereas 
the  measured  value  is  28  mM.   The  data  suggest  a  reversible  thermal  transition 
in  the  enzyme  occurs  such  that  the  high  temperature  {partially  unfolded) 
molecular  form  has  a  decreased  V^ax  ^^'^   ^"  increased  K^   relative  to  the 
folded,  native  protein. 

(3)  Studies  of  a  novel  reaction  catalyzed  by  E^  coli  glutamine  synthetase: 
AMP-dependent  synthesis  of  pyrophosphate  and  L-glutamate  from  orthophosphate 
and  L-glutamine.   (Investigators:   E.  J.  Whitley,  Jr.,  and  A.  Ginsburg).   AMP 
(substituted  for  the  nonconsumable  substrate  ADP)  supports  the  y -glutamyl 
transfer  reaction: 

(Mn^"*",  P^)  ^ 

L-Glutamine  +  NH  OH  ^    y-Glutamylhydroxamate  +  NH       (1) 

catalyzed  by  unadenylylated  glutamine  synthetase  from  E^  coli  (fl.B.  Hunt, 
P.Z.  Smyrniotis,  A.  Ginsburg,  and  E.R.  Stadtman,  Arch.  Biochem.  Biophys.  166, 
102-124,  1975).   In  current  studies  of  this  reaction,  it  was  discovered  that 
AMP  supports  the  reversible  synthesis  of  PPi  from  P-^  in  the  following  reaction: 

2+ 

L-Glutamine  +  2  P.  -^ — '   ^^^_^  ^   L-Glutamate  +  PP .  +  NH"^  (2) 

—  1  "S      —  1      4 

2+ 
catalyzed  by  the  unadenylylated  enzyme  (GSJ) .   In  reactions  1  and  2,  Mg   will 

not  substitute  for  Mn2+,  and  adenylylated  glutamine  synthetase  (GSjj)  is  in- 
active.  However,  reaction  2  is  related  to  the  reverse  biosynthetic  reaction: 

(Mg-  or  Mn-GS-)  _^ 

L-Glutamine  +  ADP  +  P.   ; — — :: — ^ — >   L-Glutamate  +  ATP  +  NH      (3) 

—  1     (or  Mn-GS—)      —  4 

which  is  catalyzed  by  both  the  unadenylylated  Mg-  or  Mn-enzyme  and  the 
adenylylated  Mn-enzyme  (M.D.  Denton  and  A.  Ginsburg,  Biochemistry  9^,  617-632, 
1970) .   In  order  to  identifiy  products  and  to  further  characterize  these  re- 
actions, reactions  2  and  3  were  run  at  pH  7.2  and  30°C  in  the  presence  of 
MnCl2  (or  MgCl2)  and  L-glutamine  with  ADP  +  32p^,  amp  +  32p^,  or  [32p]AMP  +  Pj^. 
Products  were  identified  by  charcoal  adsorption,  thin  layer  chromatography 
on  PEI-cellulose  with  autoradiography,  and  chromatography  on  Dowex-1  (Cl~- 
form)  with  scintillation  counting  of  effluent  fractions. 

In  reaction  2,  it  has  been  found  that  L-glutamine  is  required  for  PP^ 
synthesis;  the  hydrolysis  of  the  L-glutamine  amide  bond  is  coupled  to  the 
stoichiometric  synthesis  of  pyrophosphate,  although  as  PP^  accumulates,  addi- 
tional hydrolysis  of  L-glutamine  occurs  in  a  secondary  reaction  catalyzed  by 
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the  [manganese 'enzyme- AMP -PPj^]  complex.   The  synthesis  of  PPj^  probably  occurs 
at  the  subunit  catalytic  site  in  the  positions  normally  occupied  by  the  3/Y 
phosphates  of  ATP.   To  promote  PP^  synthesis,  AMP  apparently  binds  to  the  sub- 
unit  catalytic  site,  rather  than  to  the  allosteric  inhibitor  site;  equilibrium 
binding  results  suggest  that  P^  directs  the  binding  of  AMP  to  the  enzyme  siib- 
unit.   Pyrophosphate  is  synthesized  by  the  unadenylylated,  manganese  enzyme 
at  ~  2%  of  the  rate  of  that  of  ATP  in  the  reverse  biosynthetic  reaction.   If 
Pi  is  replaced  by  arsenate,  the  enzymatic  rate  of  the  AMP-supported  hydrolysis 
of  L-glutamine  is  100-fold  faster  than  is  PPi  synthesis,  and  is  one-half  the 
rate  of  the  ADP- supported,  irreversible  arsenolysis  of  L-glutamine: 


L-Glutamine  +  H  O 


Me 


2+ 


ADP  or  AMP 


Arsenate 


L-Glutamate  +  NH, 


(4) 


Arsenolysis  also  is  supported  by  GMP  and  IMP,  suggesting  that  the  cata- 
lytic site  of  glutamine  synthetase  has  a  rather  broad  specificity  for  the 
nucleotide  base. 

The  reactions  supported  by  AMP  directly  relate  to  the  mechanism  of 
glutamine  synthetase  catalysis  in  which  the  nucleotide  site  of  the  enzyme 
subunit  must  be  occupied  either  by  ADP  or  by  AMP  for  synthesis  of  the  & ,y 
phosphate  bond  to  occur.   Table  III  summarizes  activity  data  for  unadenyly- 
lated glutamine  synthetase  so  that  the  activities  in  AMP-  and  ADP-supported 
reactions  with  either  Mn2+  or  Mg^"*"  present  may  be  compared. 


Table  III.   Unadenylylated  Glutamine  Synthetase  Activity 

Activity  data  are  expressed  for  initial  rates  of  nmoles  product  formed  at 
pH  7.2  per  minute  at  30 °C  per  mg  GSJ  in  50  mM  Hepes-KOH,  100  mM  KCl  (±  40  mM 
NH2OH) ,  and  either  12  mM  AMP  or  5  mM  ADP  with  0,5  mM  MnCl2  or  50  mM  MgCl2. 
Reaction  mixtures  (except  for  that  of  -2)  also  contained  15  mM  L-glutamine 
and  10-13  mM  Pj^  or  arsenate.   For  the  reverse  of  reaction  2,  200  mM  L-glut- 
amate,  200  mM  NH4CI,  and  1  mM  PP^  were  used. 


Products 

Nucleotide 

and 

divalent  cation  support 

Reaction 

AMP 

ADP 

(in  text) 

measured 

Mn^-^ 

2+ 

Mg 

Mn^^ 

2+ 
Mg 

2 

Glu,  PP. 

1.8 

0 

-2  (reverse  2) 

P. 

1 

0.65 

0 

-3  (reverse  3) 

Glu,  ATP 

120 

480 

4  (arsenolysis) 

Glu 

200 

0.7 

410 

46 

1  (with  P.) 

Y-glu-NHOH^ 

2500 

0 

5000 

6000 

1  (with  arsenate) 

Y-glu-NHOH^ 

24,000 

0 

41,000 

7000 

^  Y-glu-NHOH, 

Y-glutamylhydroxamate. 

^ 
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(4)  Glutamine  synthetase-Mn   interactions  (Investigators:   J.B.  Hunt, 
P.M.  Grant,  and  A.  Ginsburg) .   Xylenol  orange  (a  metal  ion  binding  dye)  has 
been  used  by  J.B.  Hunt  in  equilibrium  and  kinetic  studies  of  Mn2+  interactions 
with  the  structural  n^  sites  of  unadenylylated  glutamine  synthetase  from  E. 
coli.   The  following  properties  of  xylenol  orange  (determined  in  these  studies) 
make  it  a  useful  reagent  for  studying  protein-Mn2+  interactions:   (a)  Formation 
of  a  1:1  complex  between  xylenol  orange  and  Mn2+  at  pH  7.2  (25''C)  with 
Kl   =  1.6  ±  0.1  X  10^  M"^  produces  a  considerable  increase  in  the  molar  ex- 
tinction coefficient  (A  e  =  1.9  X  10^  M-1  cm~l  at  585  nm) ;  (b)  Xylenol  orange 
does  not  bind  to  glutamine  synthetase;  (c)  Stop-flow  measurements  at  pH  7,2 
and  15 °C  of  xylenol  orange  interaction  with  Mn^^  give  a  second  order  rate 
constant  of  4.1  X  10^  M"-^  sec~l  for  complex  formation,  and  a  first  order  rate 
constant  of  29  sec"?-  for  Mn^"*"  dissociation  from  the  dye.   Xylenol  orange 
was  used  spectrophotometrically  at  25°C  (pH  7.2)  to  measure  a  time-dependent 
increase  in  the  glutamine  synthetase  binding  constant  for  Mn^^  that  occurs 
during  the  Mn^^-promoted  conformational  change  (with  a  half-time  of  110 
seconds  at  25°C)  .   The  increase  from  K^  =  1.5  X  10^  to  1.9  X  10^  M"^  gives  an 
estimate  of  A(A  G')  =  +  18  kcal  (mol  enzyme)  "-^  for  the  protein  conformational 
change  at  25°C  (pH  7.2).   In  stop-flow  experiments,  xylenol  orange  was  used 
to  measure  the  off-rate  of  Mn^"^  from  n^  sites  of  the  enzyme  (after  completion 
of  the  Mn2"^-promoted  conformational  change)  ;  l''In2+  dissociation  was  first 
order  with  a  half-time  of  0.22  seconds  at  15 "C.   These  studies  also  utilized 
pyridine-2,6-dicarboxylic  acid  (dipicolinic  acid)  which  forms  a  2:1  complex 
with  Mn2+  with  a  small  absorption  increase  at  290  nm  and  binds  Mn^-f  without 
proton  release  so  that  it  can  be  coupled  to  a  pH  indicator  dye.   Experiments 
with  dipicolinate  in  the  absence  and  presence  of  bromothymol  blue  verified 
the  off -rate  of  Mn2+  (coincident  with  a  fast  proton  uptake)  from  glutamine 
synthetase  and,  furthermore,  showed  that  the  slow  proton  uptake  after  the 
removal  of  Mn2+  from  the  enzyme  (which  is  synchronous  with  the  protein  con- 
formational change)  is  the  result  of  a  pK^  change  through  perturbation  of  an 
ionizable  amino  acid  side  chain  not  directly  involved  in  Mn2+  binding.   A 
scheme  for  Mn2+  binding  to  n^  sites  of  glutamine  synthetase  in  two  states 
(a  low-  and  a  high-affinity  conformation)  fits  these  data. 

The  rate  of  proton  release  accompanying  Mn2+  binding  to  n^^  and  n2  metal 
ion  sites  of  glutamine  synthetase  in  a  preliminary  stop-flow  experiment 
using  30  ]iM  subunits  and  60  yM  Mn   in  the  presence  of  bromothymol  blue 
(~  30  yM)  was  measured.   The  proton  release  was  second  order  with  a  rate  con- 
stant of  ~  178  sec~l  M~l  at  15°C.   However,  there  appears  to  be  an  interaction 
between  the  enzyme  and  bromothymol  blue  that  requires  investigation.   From 
other  studies,  an  upper  limit  of  0.05  second  is  set  for  the  half-time  of  Mn2+ 
dissociation  from  n2  sites  at  15 °C. 

We  also  are  investigating  the  use  of  fluorescein  complexone  (a  fluor- 
escent metal  ion  dye)  in  studies  of  protein-Mn  interactions.   In  preliminary 
studies,  commercial  preparations  of  fluorescein  complexone  were  impure. 
P.  Grant  has  synthesized  fluorescein  complexone  (FC)  from  fluorescein  and 
currently  is  characterizing  the  product.   The  NMR  and  elemental  analyses  were 
good.   In  fluorescence  measurements,  the  maximum  emission  is  at  520  nm  with 
excitation  at  472  run.   Mn2+  binding  to  FC  produces  a  90-95%  quench  of  the 
fluorescent  signal  and  titrations  of  FC  with  Mn2+  will  give  K^  values.   The 
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absorption  maximum  is  at  492  nm  with  ej^  =  53,500  M~l  cm~l;  Mn2+  decreases  the 
absorbance  at  492  nm.  by  8%  with  A  Sj^  =  5  X  10-^  M~l  cm"-'-.   The  stoichiometry  of 
the  dye~Mn  complex,  the  affinity  constant  of  FC  for  Mn2+,  the  temperature  de- 
pendence of  K4f  and  the  on  and  off  rates  for  Mn^"*"  interaction  with  FC  have 
yet  to  be  established. 

(5)  Calorimetric  estimate  of  the  enthalpy  change  for  the  substrate-pro- 
moted conformational  transition  of  aspartate  transcarbamoylase  from  E_^  coli. 
(Investigators;   A.  Shrake,  A.  Ginsburg,  and  H.K.  Schachman,  Fogarty  Scholar 
in  Residence  at  NIH,  1977-78) .   These  studies  are  described  in  detail  in  last 
year's  a3i.nuai  report  (Project  No.  ZOl  HL  00204-12  LB,  1978-79).   The  study 
sets  an  important  precedent  for  obtaining  the  enthalpy  change  for  a  ligand- 
promoted  conformational  transition  of  a  protein.   In  addition,  the  change  in 
subunit  interaction  enthalpy  promoted  by  the  binding  of  a  ligand  to  an  oligo- 
mer ic  protein  is  obtained.  Data  analyses  and  the  preparation  of  a  manuscript 
describing  this  work  will  be  completed  this  year. 

To  summarize  briefly,  we  used  two  calorimetric  approaches  and  a  high- 
affinity  bisubstrate  analog  N- (phosphonacetyl) -1^-aspartate  (PALA)  for  binding 
to  aspartate  transcarbamoylase  (ATCase)  to  promote  the  conformational  trans- 
ition of  the  enzyme.   In  method  (a)  A (A  H)  measurements  of  PALA  binding  to 
ATCase  at  different  stages  of  the  conformational  transition  (monitored  by  the 
difference  sedimentation  technique)  in  K-PO4  and  K~P04/TES  buffers  at  pH  7.0 
allow  calculation  of  the  heat  of  the  conformational  transition  from  an  initial 
T  state  to  a  final  R  state  (AHrp^j,)  ,  the  intrinsic  heat  of  binding  PALA 
(AHpjyj^) ,  and  a  measure  of  proton  uptake  or  release  associated  with  the  con- 
formational change  and  the  binding  of  PALA.   [For  example,  AH'  values  for 
binding  the  first  two  and  the  last  two  equivalents  of  PALA  to  the  enzyme  can 
be  represented  by  two  simultaneous  equations: 

AH-  „  =  1/3  AH„,,,  -i-   1/2  AH„  „  and  AH.  ^  =  1/3  AH„,.,,  +  Q  AH„  „  which  can  be 
0-5-2  PALA  T^R        4->6  PALA       T->-R 

solved  for  AH    and  for  AH     .]   In  method  (b)  the  heats  of  assembly  of 
T^R  PAIS 

catalytic  trimers  (C)  and  regulatory  dimers  (R)  into  ATCase  (C2R3)  in  the 
absence  and  presence  of  PALA,  the  heat  of  binding  PALA  to  the  isolated  cata- 
lytic subunit  (C)  ,  and  the  value  of  ^ii-ppj_^p^   from  method  (a)  gives  another  esti- 
mate of  AHijL^j^  and  also  the  PALA-linked  subunit  interaction  enthalpy  change. 
The  two  approaches  in  methods  (a)  and  (b)  give:   AHijl>j^  =  -6  ±  3  and  -14  ±  9 
kcal/mol  of  ATCase,  respectively,  at  pH  7.0  and  30°C;  a  proton  uptake  of  2 
to  6  equivalents  of  H+/mol  of  ATCase  accompanies  the  protein  conformational 
change.   With  AG'rp^f^  =  +  3.3  kcal/mol  of  ATCase  (Hewlett,  G.J., 
Blackburn,  M.N.,  Compton,  J.G.,  and  Schachman,  H.K.,  Biochemistry  16,  5091- 
5099,  1977)  and  the  best  estimate  of  AHrp^j^  from  method  (a)  ,  ASrp^j^  =  -31  cal 
(deg-mol  of  ATCase)"!  and  -TAS  =  +  9  kcal/mol.   Thus,  the  T^R  transition  of 
ATCase  is  entropically  controlled  at  30°C.   Sedimentation  analyses  of 
assem±>ly  reactions  were  consistent  with  the  binding  of  PALA  to  C  subunits 
causing  a  weakening  of  regulatory  and  catalytic  interchain  contacts.   From 
the  heats  of  subtinit  assembly  in  the  presence  and  absence  of  PALA,  the  PALA- 
linked  subunit  interaction  enthalpy  change  is  +  22  ±  8  kcal/mol  of  ATCase, 
indicating  that  the  corresponding  entropy  change  is  positive  (1  -f  80  cal/ 
deg>mol) . 
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Significance  to  Biomedical  Research 

The  regulation  and  control  of  enzymic  activities  in  vivo  is  of  funda- 
mental importance  in  cellular  metabolism.   Through  studies  in  vitro ,  these 
processes  can  be  understood  more  fully.   The  studies  of  structural  changes 
that  can  be  induced  in  a  protein  macromolecule  are  important  in  understanding 
cellular  processes  on  a  molecular  basis. 

Proposed  Course  of  Research 

(1)  To  study  conformational  and  stabilization  changes  of  a  protein 
macromolecule  effected  through  the  specific  binding  of  small  molecules  and 
the  relationship  of  such  effects  to  enzyme  catalysis  and  regulation.   Ultra- 
centrifugation,  microcalorimetry,  spectral,  viscometry,  fluorescence,  equil- 
ibrium binding,  pH,  electrophoretic,  and  kinetic  techniques  will  be  used. 

(2)  To  study  mutual  interactions  of  divalent  cations,  substrates  (or 
substrate  analogs) ,  and  inhibitors  with  glutamine  synthetase  from  E^  coli. 
Covalent  modification  will  be  used  to  obtain  information  on  the  topography  of 
divalent  cation,  substrate,  and  inhibitor  sites.   The  interactions  between 
glutamine  synthetase  and  the  resolved  £-  and  R-isomers  of  L-methionine-SR- 
sulfoximine  will  be  investigated  by  calorimetry  and  other  physical  chemical 
techniques.   Protein  confoinnational  changes  produced  by  the  binding  of  sub- 
strates and  substrate  analogs  to  glutamine  synthetase  will  be  investigated 
further . 

(3)  To  characterize  the  thermal  transition  of  glutamine  synthetase  more 
fully  in  terms  of  kinetic  parameters.   Also,  the  nature  of  the  temperatxire- 
induced  unfolding  reaction  (local  vs  temperature- induced  macromolecular 
shape  changes)  will  be  investigated  by  viscometry,  ultracentrifugation,  and 
CD  techniques. 

(4)  Kinetic  and  equilibrium  studies  of  the  interactions  between  metal 
ions  and  glutamine  synthetase  will  be  continued.   For  this  purpose,  metal 
ion  binding  dyes,  pyridine-2,6-dicarboxylic  acid  and  pH  indicator  dyes  will 
be  used. 

(5)  Glutamine  synthetase  from  brain  will  be  p\arified  in  order  to  deter- 
mine the  role  of  divalent  cations  in  the  catalytic  mechanism  of  the  mammalian 
enzyme . 

(6)  The  work  describing  our  methods  of  estimating  the  heat  for  the  sub- 
strate-promoted conformational  transition  of  aspartate  transcarbamoylase 
(ATCase)  from  E.  coli  (in  collaboration  with  H.K.  Schachman,  University  of 
California,  Berkeley,  California)  will  be  submitted  for  publication.   For 
additional  information  on  the  thermodynamics  of  assembly  and  ligand-promoted 
confomrational  transitions,  ATCase  (C2R3)  also  will  be  assembled  from  regu- 
latory dimer  (R)  and  an  incomplete  ATCase  molecule  (C2R2)  lacking  two  regu- 
latory chains.   The  incomplete  C2R2  will  be  prepared  in  the  laboratory  of 
H.K.  Schachman  where  procedures  for  preparing  large  quantities  of  C2R2  are 
being  developed. 
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SUMMARY  OF  WORK  (200  word*  t   Itss  -  underline  keywords) 

Five  of  the  presently  known  six  selenoenzymes  are  produced  by  bacteria  and 
four  of  these  are  under  investigation  in  this  laboratory.   These  are 
selenoprotein  A  of  glycine  reductase,  formate  dehydrogenase  of  Methanococcus 
vannielii,  nicotinic  acid  hydroxylase  of  Clostridium  barkeri  and  thiolase  of 
Clostridium  kluyverl.   In  addition  studies  are  underway  on  the  identification 
and  mode  of  formation  of  seleno-tRNAs  (modified  with  Se  in  the  polynucleotide 
portion  of  the  molecule)  which  were  first  discovered  in  C.    sticklandii.   The 
role  of  selenium  in  the  various  selenoenzymes  and  the  mechanism  of  incorporation 
of  selenocysteine  in  selenoprotein  A  and  in  formate  dehydrogenase  are  the 
subjects  of  our  ongoing  studies. 
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Project  Description 

1.  Anaerobic  metabolism  of  certain  amino  acids  with  special  references  to 
the  role  of  selenium,  molybdenum,  quinones,  flavins  and  non-heme  iron 
proteins  in  the  electron  transfer  and  phosphorylation  reactions  involved. 

a.  Structure  and  function  of  the  selenoprotein  component  of  glycine 
reductase  and  its  inter  action  with  other  protein  components  of  the 
enzjmie  complex.  Mode  of  biosynthesis  of  the  selenium-containing 
moiety,  a  selenocysteine  residue  of  the  selenoprotein. 

b.  Purification  and  characterization  of  additional  components  of  the 
glycine  reductase  complex  in  order  to  determine  the  mechanism  of 
the  reaction  and  the  coupled  phosphorylation  process. 

2.  Isolation  and  characterization  of  other  seleno-enzymes  and  selenium 
containing  t-RNAs. 

a.  Formate  dehydrogenases  of  Methanococcus  vannielii  and  Clostridium 
sticklandii. 

b.  Characterization  and  biochemical  role  of  seleno-thiolase  produced 
by  Clostridium  kluyveri  and  seleno-nicotinic  acid  hydroxylase  pro- 
duced by  Clostridium  barkeri. 

c.  Mechanism  of  formation  of  tRNAs  modified  with  selenium  and  their 
biochemical  roles. 

3.  Methane  biosynthesis  from  formate  and  acetate  and  the  roles  of 
vitamin  3^2  and  5-deazaf lavin  in  the  process. 

Major  Findings 

(1)  Continued  studies  on  clostridial  glycine  reductase  have  dealt 
mainly  with  production  of  amounts  of  purified  proteins  (selenoprotein  A, 
protein  B  and  fraction  C  protein)  sufficient  for  detailed  mechanism  studies. 
Additional  evidence  that  protein  B  is  a  pyruvyl  protein  results  from  the 
work  of  Dr.  Sue  Neece  (part  time  employee).   Time  course  studies  on  the 
synthesis  of  selenoprotein  A  in  intact  cells  indicate  that  this  is  a  much 
slower  process  than  seleno-tRNA  formation  (see  later);   no  evidence  for  a 
stable  precursor  protein  that  is  subsequently  modified  with  selenium  has 
been  obtained.   Once  the  biologically  active  selenoprotein  is  formed  it  is 
stable  and  remains  in  the  cells  even  during  prolonged  incubation  in  the 
presence  of  antibiotics  such  as  chloramphenicol,  rifampicin,  etc.  that  prevent 
cell  multiplication. 

(2)  New  bacterial  selenoproteins  (1)  nicotinic  acid  hydroxylase  of 
C.  barkeri  and  (2)  thiolase  of  C.  kluyveri  have  been  investigated  in 
collaboration  with  G.  Dilworth  and  M.  Hartmanls,  respectively  (see  tkeir 
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individual  reports) .   Nicotinic  acid  hydroxylase  provides  another  example 
of  a  seleno  enzyme  that  catalyzes  an  oxidation-reduction  reaction  whereas 
thiolase  catalyzes  carbon-bond  condensation  reactions  and  is  the  first 
example  of  a  non-redox  selenoprotein.   The  stability  of  selenium  in  the 
seleno-thiolase  together  with  the  ease  of  purification  of  the  biologically 
active  enzyme  makes  this  protein  a  good  candidate  for  studies  of  the 
mechanism  of  biosynthesis  of  selenoproteins.   C.  kluyverl  grows  in  a  simple, 
completely  defined  medium  and  thus  studies  with  labeled  potential  precursors 
of  the  selenium  containing  moiety  of  the  protein  are  reasonable  to  try. 

Amino  acid  transfer  nucleic  acids  specifically  modified  with  selenium 
(seleno-tRNAs)  which  were  first  found  in  Clostridium  sticklandii  have  been 
detected  in  other  microorganisms,  both  anaerobic  and  aerobic.   C^.  sticklandii, 
which  is  the  richest  source  found  so  far,  produces  three  readily-separable 
seleno-tRNAs .   These  materials,  labeled  with  ''^Se,  have  been  used  to  develop 
methods  suitable  for  the  isolation  and  identification  of  the  seleno 
nucleoside (s)  present  in  the  modified  tRNAs.  Mild  alkali  digestion  converted 
the  ^^Se-tRNAs  to  a  population  of  ^^Se-nucleotides  that  accounted  for  about 
90%  of  the  ''^Se.   The  yield  of  small  fragments  suitable  for  base  analysis 
was  40%  and  partially  degraded  material  could  be  further  cleaved  by  additional 
treatment  with  alkali.   Satisfactory  recovery  of  '^Se-labeled  nucleotides 
after  separation  by  thin  layer  chromatography  indicates  the  suitability  of 
the  procedures  for  final  isolation  and  identification.   The  chemical  proper- 
ties of  the  ^^Se  moiety  indicate  attachment  of  Se  to  the  ring  of  a  purine 
or  pyrjnnidine  base. 

Proposed  Course  of  Research 

(1)  Studies  on  the  structure  of  selenoprotein  A  of  glycine  reductase 
with  especial  regard  to  the  location  of  the  selenocysteine  residue  and  the 

2  cysteine  residues  in  the  polypeptide  chain  will  be  continued.  Using  anti- 
bodies to  the  protein  and  -^^P-labeled  orthophosphate  a  search  for  phosphory- 
lated  protein  A  will  be  made. 

The  subunlt  structure  and  number  of  pyruvyl  groups  on  protein  B  will  be 
investigated.   Fraction  C  protein  will  be  purified  from  cells  labeled  with 
radioactive  iron  to  see  if  this  is  indeed  an  iron  protein. 

(2)  Studies  on  the  identity  or  identities  of  Se-moieties  of  nicotinic 
acid  hydroxylase  and  thiolase  V7ill  be  carried  out.   If  thiolase  contains 
selenocysteine,  the  biosynthesis  of  this  protein  will  be  studied  in  order  to 
answer  the  question  of  mode  of  incorporation  of  this  amino  acid  in  proteins. 
Studies  are  underway  to  see  if  C.  sticklandii  or  E.'  coli  contains  a  tRNA 
specific  for  selenocysteine.   Identification  of  the  seleno-baseCs)  of  seleno- 
tRNA's  and  the  enzymic  mechanism  of  their  synthesis  V7ill  be  attempted. 


(3)   In  collaboration  with  S.  Yamazaki  and  L.  Tsai  the  importance  of 
the  5-deazaflavin  dependent  f ormate-NADP"^  oxidoreductase  system  of 
M.  vannielii  for  methane  biosynthesis  will  be  examined.   Attempts  will  be 
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made  to  see  if  the  reduced  5-deazaf lavin  is  used  directly  as  reductant  for 
the  terminal  reaction  step  in  which  a  methyl  group  is  reduced  to  methane. 
An  alternative  possibility  that  NADPH  is  a  necessary  intermediate  will  be 
tested.   Current  interest  in  biological  formation  of  hydrocarbons  makes 
these  studies  at  the  enzjrme  level  of  timely  significance. 

Honors 

Secretary  and  Program  Chairman  of  the  American  Society  of  Biological 
Chemists  (end  of  2nd  to  beginning  of  3rd  year  of  3  year  term) . 

Member  of  U,  S.  National  Committee  to  lUB  from  the  Biological  Chemistry 
Division  of  the  American  Chemical  Society  (five  year  term)  . 

Introductory  Lecture  at  the  German  Branch  of  American  Society  of 
Microbiology J  Saarbrucken,  Germany,  March  1980. 

Plenary  Lecturer  at  Second  International  Symposium  on  Selenium  in 
Biology  and  Medicine,  May  1980,  Lubbock,  Texas. 

Public  Health  Service  Superior  Service  Award,  May  23,  1980. 

Member  of  the  Department  of  Energy  Workshop  to  plan  DOE  sponsored 
research  on  genetics  of  anaerobic  bacteria  (April  1980). 

Publications 

J.  B.  Jones,  Gregory  L.  Dilworth  and  T.  C.  Stadtman.   Occurrence  of 

selenocysteine  in  the  selenium-dependent  formate  dehydrogenase  of 
Methanococcus  vannielii.   Archiv.  Biochem.  Biophys.  195,  255-260  (1979). 

J.  B.  Jones  and  T.  C.  Stadtman,   Reconstitution  of  a  f ormate-NADP'*' 

oxidoreductase  from  formate  dehydrogenase  and  a  5-deazaf lavin-linked 
NADP+  reductase  isolated  from  Methanococcus  vannielii.   J,  Biol.  Chem. 
255,  1049-1053  (1980). 

C.-S.  Chen  and  T.  C.  Stadtman.   Selenium-containing  tRNAs  from  Clostridium 
sticklandil;   Co-chromatography  of  one  species  with  L-prolyl  tRNA. 
PNAS  77,  1403-1407  (1980) . 

T.  C.  Stadtman.   Selenium-Dependent  Enzymes.  Ann.  Rev.  Biochem.  49,  93-110 
(1980), 

J.  J.  Baker  and  T.  C.  Stadtman.  Amino  Mutases.   Chapter  for  two  volume 
treatise  on  "Vitamin  ^2" '     Wiley  &  Sons,  Cin  press), 

T.  C.  Stadtman,  Biological  Functions  of  Selenium  ....Invited  review  for 
TIBS  (in  press). 
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T.  C.  Stadtman,  G.  L.  Dllworth  and  C.-S.  Chen.   Selenium  dependent  Bacterial 
Enzymes.   Proc.  of  3rd  Int.  Se  and  Te  Meeting,  Metz,  France  (In  press). 

T.  C.  Stadtman.   Bacterial  Selenoenzymes  and  Seleno-tRNAs.   Proc.  of  2nd 
Int.  Symp.  on  Selenium  In  Biology  and  Medicine  (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  number  of  simple  analogues  of  the  8-hydroxy-5-deazaflavin  cofactor 
were  prepared  for  enzymatic  study  with  8-hydroxy-5-deazaf lavin-dependent 
NADP"^  reductase  from  Methanococcus  vannielii.   The  stereochemical  course 
of  the  reductase  catalyzed  reaction  was  established  as  ^-stereospecif ic 
with  respect  to  the  pyridine  nucleotide. 


PHS-6040 
(Rev.  10-76) 


sz> 


Project  No.  ZOl  HL  00206-21  LB 

Project  Objectives 

8-Hydroxy-5-deazaflavin-dependent  NADP"*"  reductase,  a  homogeneous 
enzyme  (Yamazakl)  from  the  extracts  of  Methanococcus  vannlelil,  catalyzes 
the  reaction: 


Dihydro-8-hydroxy- 
5-deazaflavin  anion 


+  NADP 


8-Hydroxy- 
5-deazaflavin 


NADPH 


(1) 


A  simple  analogue  (la)  of  the  aromatic  chromophore  of  the  8-hydroxy- 
5-deazaflavin  cofactor  has  been  found  to  undergo  the  enzymic  reaction,  though 
at  a  slower  rate  than  that  of  the  natural  cofactor.   Thus,  it  is  desirable 
to  prepare  other  similar  analogues  in  order  to  probe  the  structural  require- 
ments for  enzymatic  activity  with  respect  to  the  8-hydroxy-5-deazaflavin 
chromophore. 

This  reaction  (equation  1)  is  similar  to  many  other  flavin-pyridine 
nucleotide  redox  systems,  except  that  this  is  the  first  example  of  such  a 
reaction  involving  a  natural  5-deazaflavin  instead  of  a  flavin.   It  is, 
therefore,  of  interest  to  establish  the  mechanism  of  the  hydride  transfer 
process  and  the  stereochemical  course  of  the  reaction. 

Major  Findings 

The  analogues  of  interest  for  the  enzymatic  studies  are  the  methyl 
derivatives  of  structures  (I)  and  (II) . 


R.O> 


(II 


(Jl) 


Ri 

R2 

Ri 

R2 

R3 
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CH 
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H 

CH» 
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H 
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CH3 
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Attempted  direct  methylatlon  of  compounds  (la)  and  (Ila)  led  invariably 
to  mixtures  of  isomeric  methyl  and  dimethyl  derivatives  which  were  very 
difficult  to  separate.   In  order  to  insure  the  integrity  of  each  final 
product,  specific  synthesis  was  designed  for  each  compound  by  first  pre- 
paring the  appropriately  methylated  starting  components.   For  example, 
compound  (Id)  was  synthesized  as  follows: 


CHjO. 


cnp 


COCHj 


c\i:,o> 


wri-i 


CHiO. 


CHiCrij 


CO 
I 

KHCH 


CO1C3.M5. 


4-    CW, 


3 


CQ^Cl^S 


Through  various  combination  of  the  two  starting  components,  compounds  (I  b-d) 
and  (II  b-e)  were  thus  prepared.   Although  the  two  steps,  the  condensation 
and  the  cyclization,  were  fundamentally  the  same  in  each  preparation,  it  was 
somewhat  surprising  to  note  that  the  success  of  each  preparation  depended  much 
on  the  choice  of  the  reaction  conditions  for  these  two  steps.   The  structural 
assignments  of  all  these  compounds  were  consistent  with  their  spectroscopic 
properties. 

Examination  of  the  electronic  spectra  of  these  compounds  at  various 
pH's  reveals  their  ionic  and  probably  tautomeric  states.   For  instance, 
the  unsubstituted  compound,  (la),  can  exist  in  either  the  phenolic  form 
(la)  or  the  paraquinoid  form  (la)': 


(la) 


(la)' 


iTA  ( 
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In  compounds  (Ic)  and  (Id) ,  the  8-hydroxy  function  is  replaced  by  the 
methoxy  group,  thus  prohibiting  the  existence  of  the  paraquinoid  form. 
The  similarity  of  the  uv  spectra  of  the  four  compounds  (I  a-d)  at  pH  4-6 
suggests  that  the  neutral  state  of  (la)  exists  mainly  in  the  phenolic  form. 
This  also  demonstrates  the  lack  of  involvement  of  N3-position  in  the  tauto- 
merism.   Of  the  four  compounds,  only  (la)  and  (lb),  whose  8-hydroxy  function 
is  not  blocked  by  a  methyl,  show  a  red  shift  of  the  long  wavelength  band  at 
pH  >  9.   This  indicates  that  at  high  pH,  the  spectrum  is  that  of  an  anion 
derived  from  the  8-hydroxy  function.   This  interpretation  is  in  agreement 
with  that  of  Ghisla  and  Mayhew  on  8-hydroxy-ribof lavin.   Similar  consideration 
can  be  applied  to  the  (II)  series  of  compounds. 

t 

Comparison  of  compounds  (I  a-d)  as  substrate  for  the  reaction  (equation 
1)  catalyzed  by  8-hydroxy-5-deazaflavin-dependent  NADP"*"  reductase  (Yamazaki) 
shows  the  absolute  requirement  of  the  free  8-hydroxy  function  for  enzymatic 
activity  and  the  indifference  of  the  substitution  at  the  N3-position. 

The  stereochemical  course  of  the  reversible  hydride  transfer  (equation  1) 
between  the  8-hydroxy-5-deazaf lavin  cofactor  and  the  nicotinamide  coenzyme 
was  studied  (Yamazaki  and  Walsh)  by  using  stereospecif ically  tritium-labeled 
substrates.   The  results  of  these  experiments  established  a  ^-stereo- 
specificity  with  respect  to  the  nicotinamide  coenzyme  and  the  overall 
reaction  can  be  represented  as  follows: 


p 

HOy^^N  Y'^'^^ 

^>\^A^NH 

^H^'H  O 

H 

o 

or 

■\ 

f^^ 

f   NHj. 

R 

ho.^^v.^Ny'^'Y^ 

1 
A 

^^^Js^^^^L   NH 

^  ■•   '' 

H  ■'H  O 

Proposed  Course  of  Action 

'H 


H 


NH2 


(1)  The  chemical  and  biochemical  properties  of  the  analogues  will 
be  studied  with  an  aim  to  design  an  adequate  derivative  usable  for 
affinity  column  chromatography. 

(2)  The  determination  of  the  absolute  configuration  of  a  chlrally 
labeled  l,5-dihydro-8-hydroxy-5-deazaf lavin  will  be  attempted. 
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Publications 

Yamazakl,  S.  and  Tsal,  L. :  Properties  of  8-hydroxy-5-deazaflavin-dependent 
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Yamazaki,  S.  and  Tsai,  L. :  Purification  and  properties  of  8-hydroxy-5- 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Native  glutamine  synthetase  preparations  containing  an  intermediate  number  (2  to 
10)  of  adenylylated  subunits  are  complex  mixtures  of  molecules  that  differ  from 
one  another  with  respect  to  the  number  of  adenylylated  subunits  they  contain.   By 
means  of  affinity  chromatography  on  Affi-blue  sepharose  columns  or  on  anti-AMP 
antibody  columns,  such  preparations  have  been  resolved  into  a  series  of  more  or 
less  homogenous  fractions,  each  containing  .a  specified  number  of  adenylylated 
submits.   In  addition,  multiple  enzyme  species  containing  the  same  number  of 
adenylylated  subunits,  but  which  differ  from  one  another  in  their  affinities  for 
ADP  and/or  sepharose  bound  Cibacron  dye,  have  also  been  obtained.   These  presum- 
ably represent  isomeric  forms  that  differ  in  the  distribution  of  adenylylated 
and  unadenylylated  sxibiinits  within  the  dodecameric  structure. 
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Project  Description 

Objectives:   From  theoretical  considerations,  it  can  be  demonstrated  that 
glutamine  synthetase  in  Escherichia  coli  can  exist  in  up  to  384  different  forms 
that  differ  from  one  another  by  the  number  (0  to  12)  and  distribution  of 
adenylylated  subunits  within  the  dodecameric  structure  (M.S.  Raff  and 
W.C.  Blackwelder) .   Although  experimental  evidence  has  been  obtained  for  the 
existence  of  multiplemolecular  forms,  previous  efforts  to  separate  these  from 
one  another  by  electrophoresis,  ion  exchange  chromatography,  or  electrofocus- 
ing  techniques  have  failed.   Two  new  approaches  to  this  problem  were  suggested 
by  the  following  findings:   (1)  The  affinity  of  ADP  for  unadenylylated  sub- 
units  is  about  1,000  times  greater  than  its  affinity  for  adenylylated  subunits; 
(2)  Cibacron  Blue  dye  will  bind  to  the  ADP  site  on  the  enzyme  and  can  be  dis- 
placed by  ADP;  (3)  The  capacity  of  anti-AMP  specific  antibodies  to  precipitate 
adenylylated  glutamine  synthetase  is  a  function  of  the  average  number  and 
possibly  also  of  the  distribution  of  adenylylated  subunits.   The  present  study 
was  undertaken  to  determine  if  the  different  glutamine  synthetase  species 
present  in  partially  adenylylated  glutamine  synthetase  preparations  could  be 
separated  by  means  of  affinity  chromatography  on  sepharose  columns  to  which 
either  Cibacron  Blue  (Affi-blue  gel  columns)  or  anti-AMP  antibodies  were  co- 
valently  attached. 

Major  Findings 

(1)  Separation  of  Multiplemolecular  Foirms  of  Glutamine  Synthetase  by 
Chromatography  on  Affi-blue  Sepharose  Columns .   Native  glutamine  synthetase 
preparations,  each  at  a  different  state  of  adenylylation,  were  adsorbed  on 
Affi-blue  speharose  columns  and  were  sxibsequently  sxibjected  to  gradient 
elutions  with  buffer  in  which  the  concentration  of  ADP  was  varied  exponen- 
tially from  0  to  1.5  mM.   As  the  concentration  of  ADP  was  increased,  there 
was  a  progressive  increase  in  the  state  of  adenylylation,  n,  of  the  glutamine 
synthetase  which  was  eluted  from  the  column.   A  comparison  of  the  ADP  vs  n 
profiles  of  the  different  glutamine  synthetase  preparations  siibjected  to 
affinity  chromatography  under  identical  conditions  showed  that  the  concentra- 
tion of  ADP  required  to  elute  glutamine  synthetase  with  a  given  number  of 
adenylylated  subxinits  is  an  inverse  function  of  the  initial  state  of 
adenylylation  of  the  native  enzyme  mixture  used. 

The  data  show  that  native  enzyme  preparations  are  mixtures  of  enzyme 
species  that  differ  from  one  another  by  the  nimiber  of  adenylylated  subunits 
they  contain,  and  that  these  different  species  can  be  separated  from  one  an- 
other by  affinity  chromatography  on  Affi-blue  columns.   Additionally,  they 
show  that  all  enzyme  species  containing  identical  numbers  of  adenylylated 
subunits  (isomeric  fonns)  are  not  the  same,  and  that  the  concentrations  of 
a  given  isomeric  form  varies  with  the  initial  state  of  adenylylation  of  the 
enzyme.   It  is  presumed  that  these  isomeric  forms  differ  from  one  another  by 
the  distribution  of  adenylylated  subunits  in  the  dodecameric  molecule  and 
that  this  distribution  may  be  a  function  of  the  relative  activities  of  the 
enzyme  cascades  that  lead  to  adenylylation  of  glutamine  synthetase  on  the  one 
hand,  and  to  its  deadenylylation  on  the  other. 
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(2)  Separation  of  Variously  Adenylylated  Glutamine  Synthetase  Species 
by  Affinity  Chromatography  on  Immobilized  Anti-AMP  Antibody  Columns.   Previous 
studies  (see  last  year's  Annual  Report)  showed  that  the  immunoprecipitability 
of  glutamine  synthetase  by  AMP-specific  antibodies  varies  directly  with  the 
average  state  of  adenylylation  over  the  range  of  n  =  4  to  n  =  10.   Based  on 
this  characteristic,  a  procedure  was  developed  for  the  partial  separation  of 
variously  adenylylated  glutamine  synthetase  species  by  affinity  chromatography 
on  sepharose  columns  of  immobilized  anti-AMP  antibodies.   Glutamine  synthetase 
which  on  the  average  contained  six  adenylylated  subunits  per  molecule  was 
adsorbed  on  the  antibody  column  and  then  eluted  with  buffer  containing  a 
gradient  of  AMP.   The  state  of  adenylylation  of  the  glutamine  synthetase 
species  eluted  from  the  column  increased  from  2  to  10  as  the  concentration  of 
AMP  in  the  elution  buffer  was  increased  from  0  to  20  mM. 

These  results  attest  to  the  heterogeniety  of  native  glutamine  synthetase 
preparations . 

The  existence  of  isomeric  forms  of  glutamine  synthetase  (i.e. ,  forms  with 
the  same  number  but  different  distributions  of  adenylylated  subunits)  is  sug- 
gested also  by  the  results  of  immunotitration  experiments.   These  studies 
show  that  anti-AMP  antibodies  react  with  some  species  of  adenylylated 
glutamine  synthetase  in  a  given  enzyme  preparation  to  form  soluble  immune 
complexes,  whereas  they  react  with  others  to  form  precipitable  complexes.   It 
is  proposed  that  the  distribution  of  adenylylated  subunits  in  some  glutamine 
synthetase  molecules  favors  intramolecular  reactions  with  the  antibodies  to 
preclude  lattice  formation,  whereas  the  distribution  of  adenylylated  subunits 
in  other  species  of  enzymes  favor  intermolecular  cross- linking,  and  therefore 
the  generation  of  precipitable  complexes. 

Proposed  Course  of  Action 

The  above  studies  will  be  continued.   By  means  of  Affi-gel  column  chroma- 
tography, efforts  will  be  made  to  isolate  large  quantities  of  two  different 
isomeric  forms  of  glutamine  synthetase  which  have  the  same  number  of 
adenylylated  siibunits.   The  immunoprecipitability  of  these  isomers  by  anti- 
AMP  antibodies  will  be  compared,  and  detailed  studies  of  their  catalytic 
activities  and  their  susceptibilities  to  feedback  inhibition  by  various  end 
products  of  glutamine  metabolism  will  be  examined. 

Publications 

Stadtman,  E.R. ,  Hohman,  R.J.,  Davis,  J.N.,  Wittenberger,  M.,  Chock,  P.B., 
and  Rhee,  S.G.:   Subunit  Interactions  of  Adenylylated  Glutamine  Synthetase. 
In  The  Lipmann  Symp.  on  Concepts  of  Chemical  Recognition  in  Biology,  Grignon, 
France,  1980,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Genetic  and  biochemical  studies  with  enterobacteria  suggest  that  the  regulation 
of  nitrogen  metabolism  in  these  organisms  is  quite  complex.   The  NH^-assimilatorf 
enzymes,  as  well  as  some  amino  acid  transport  systems  and  catabolic  enzymes, 
appear  to  be  involved  in  the  process.   Because  of  its  unique  biochemical  proper- 
ties and  its  important  role  in  nitrogen  metabolism,  glutamine  synthetase  is  of 
primary  interest.   The  purpose  of  this  work  is  to  study,  via  genetic  and  biochem 
ical  techniques,  the  mechanism  by  which  the  synthesis  of  glutamine  synthetase  is 
controlled  in  Escherichia  coli  K12.   Special  attention  is  focused  on  identifying 
the  elements  of  this  control  and  on  determining  whether  they  are  specific  for  th^ 
regulation  of  glutamine  synthetase  or  whether  they  might  represent  effectors  in 


the  regulation  of  the  class  of  NH3-assimilatory  enzymes  within  the  general  scheme; 
for  nitrogen  control 
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Project  Description 

Objectives:   1.   Selection  of,  and  genetic  studies  on,  mutants  of 
Escherichia  coli  K12  manifesting  alterations  in  the  amount  or  regulation  of 
the  NH3-assimilatory  enzymes:   glutamine  synthetase  (GS) ,  glutamate  synthase 
(GAT) ,  and  glutamate  dehydrogenase  (GDH) . 

2.  Biochemical  characterization  of  these  genetic  effects, 

3.  Physiological  studies  with  isogenic  wild  type  and  mutant  strains 
where  the  levels  of  these  enzymes  are  measured  under  a  variety  of  growth  con- 
ditions in  order  to  ascertain  (a)  whether  a  regulatory  interrelationship 
exists  for  these  three  enzymes,  and  (b)  whether  one  or  all  of  them  play  a 
regulatory  role  within  the  larger  framework  of  nitrogen  control. 

Major  Findings 

I.   Genetic  Studies 

(a)  Selection  of  mutants.   It  was  reported  earlier  that  mutants  cap- 
able of  utilizing  L-glutamate  as  carbon  source  could  be  isolated  from  E^  coli 
K12  strains  N99,  3000,  and  Lederberg  at  frequencies  ~  10"'^  and  that  this 
glutamate  utilizing  trait  was  100%  associated  with  a  pi  resistance  trait  in 
reversion  studies.   At  this  point,  the  loss  of  the  gal~  marker  carried  by  N99 
was  noted  and  temporarily  put  aside,  since  a  fundamental  change  involving  the 
cell  surface,  which  might  also  effect  the  gal  kinase,  was  postulated  to  explain 
the  behavior  of  these  isolates.   However,  when  subsequent  attempts  to  isolate 
mutants  of  this  type  from  other  suitably  marked  strains  proved  unsuccessful, 

it  became  necessary  to  reexamine  the  original  glutamate  carbon-utilizing 
isolates  according  to  other  biochemical  criteria.   On  the  basis  of  oxidase 
activity  and  lack  of  glutamate  decarboxylase  activity,  these  lac"*",  peritri- 
chously  flagellated  isolates  were  identified  as  members  of  the  closely  re- 
lated genus,  Erwinia.   This  characterization  was  also  consistent  with  the 
yellow  pigmentation  and  30 °C  growth  temperature  optimum  previously  reported. 
Their  presence  was  traced  to  a  contaminated  batch  of  sterile  water.   Moreover, 
none  of  these  showed  derepressed  levels  of  glutamine  synthetase  when  grown  on 
glutamate  carbon  with  NH4CI  as  nitrogen  source.   The  one  glutamate  carbon- 
utilizing  isolate  which  did  synthesize  glutamine  synthetase  constitutively  in 
presence  of  NHj  nitrogen  was  subsequently  shown  to  be  a  Pseudomonas.   Like  N99, 
this  strain  carried  a  high  level  streptomycin  resistance  marker  and,  like 
the  "revertants"  and  the  Erwinia  described  above,  could  be  traced  to  the  same 
batch  of  sterile  water.   Although  the  galactokinase  marker  of  N99  has  remained 
intact  throughout  many  selective  procedures,  the  involvement  of  various  trans- 
port systems  with  nitrogen  control  which  might  indirectly  affect  this  trait 
makes  it  desirable  to  install  some  other  character  which  would  enable  easy  and 
rapid  identification  of  the  strain.   Accordingly,  a  selection  for  a  histidinol 
dehydrogenase  mutation  (hisD")  in  N99  is  in  progress.   No  glnF"  has,  as  yet, 
been  obtained  directly  from  N99  by  ICR  mutagenesis.   Other  methods  are  in 
progress. 

(b)  Mapping  experiments .   Both  the  Erwinia  and  Pseudomonas  strains 
could  be  lysogenized  by  (f)  pi  CAM  clr  100,  and  would,  on  induction,  produce 
reasonably  high  titres  of  lytic  phage.   In  the  case  of  the  Pseudomonas, 
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probably  due  to  host  modification  of  the  virus,  these  were  not  transducing 
particles  when  used  with  Ej_  coli  recipients.   Although  the  phage  produced  from 
the  Erwinia  would  transduce  E^  coli  his"  and  arg~  to  his+  and  arg"*",  respec- 
tively, lack  of  transfer  of  the  glutamate  carbon-utilizing  trait  suggests  that 
more  than  one  unlinked  gene  is  involved. 

(c)  Construction  of  isogenic  strains  carrying  glnA  or  glnP  genes 
on  plasmids.   Mutants  affecting  UR-UTase  (glnD)  map  at  a  site  distinct  from 
glnA  (85')  close  to  DAP-D  (4'),  have  very  low  levels  of  highly  adenylylated 
GS,  and  are  dependent  on  exogenous  glutamine  for  growth.   The  glnD  locus 
appears  to  specify  both  UR  and  UTase  activity  (see  publication  listed  below) 
and  appears  to  play  a  regulatory  role  in  the  expression  of  glnA.   Since  the 
addition  of  D-glutamate  to  cells  growing  exponentially  with  NH4CI  as  nitrogen 
source  evoked  increases  in  the  specific  activities  of  GS,  GAT,  and  GDH,  it 
seemed  reasonable  to  examine  whether  the  ratio  of  glnD  product  to  glnA  (or 
glnG)  product  would  have  an  influence  on  this  effect.   Since  most  of  the 
physiologic  studies  in  this  laboratory  have  been  done  with  strain  W3102  (N99) , 
it  was  necessary  to  construct  a  series  of  isogenic  strains  so  that  meaningful 
comparisons  could  be  made  in  this  type  of  experiment.   For  this  purpose, 
strains  of  E^  coli  from  the  Clarke-Carbon  collection  were  used  as  donors  of 
the  appropriate  plasmids.   Table  1  summarizes  these  derivatives. 

Table  1 


Relevant 

Strain 

phenotype 

Genotype 

Parent 

Source 

N99 

— 

gal-  smJ^ 

wild  type 
(K12-W3102) 

M.  Gottesman 

NlOO 

— 

gal"  sm^  rec" 

N99 

M.  Gottesman 

MBl 

gln~ 

glnD-21 

N99 

ICR  mutagenesis 

MB2 

gln+  ColEl^ 

glnD-21  ColEl 
glnD"*" 

MBl,  JA200/ 
PLC  38-39 

Conjugation 

MB3 

gin"*"  ColEl^ 

glnD-21  ColEl 
glnA+ 

MBl,  JA200/ 
pLC  41-35 

Conjugation 

MB21 

gin" 

glnA-67 

N99 

DES  mutagenesis 

MB22 

gln+  ColEl^ 

glnA-67  ColEl 
glnA+ 

MBll,  JA200/ 
PLC  41-35 

Conjugation 

MB23 

gin"*  ColEl^ 

glnA-67  ColEl 
glnD+ 

MB21,  JA200/ 
pLC  38-39 

Conjugation 

N991 

ColEir 

ColEl  glnA+ 

N99,  JA200/ 
PLC  41-35 

Conjugation 

NlOOl 

ColEl^ 

ColEl  glnA"*" 

NlOO,  JA200/ 
plC  41-35 

Conjugation 

N1002 

ColEl^ 

ColEl  glnD+ 

NlOO,  JA200/ 
pLC  38-39 

Conjugation 

It  should  be  noted  that  MB23  is  not  glutamine  independent  and  is,  rather, 
glutamine  sensitive  as  compared  to  MB21  or  N1002  and  MB2.   This  property  may 
allow  for  a  positive  selection,  in  MB21,  of  more  than  1  episome. 
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II.  Biochemical  Characterization  of  Strains 

(s)  Standardized  conditions.   Enzymes  were  assayed  in  crude  extracts 
prepared  from  cells  growing  under  standardized  conditions:   early  log  phase 

(between  5  X  10^  and  5  X  10^  cells/ml)  with  growth  and  enzyme  levels  monitored 
over  a  period  which  included  one  to  two  mass  doublings.   In  addition  to  the 
presence  of  excess  ammonia,  the  level  of  GS  could  be  further  repressed  by 
addition  of  glutamine  to  the  medium.   Therefore,  "repressing"  medium  =  glucose 

(11  mM)  mineral  salts,  ammonia  (20  mM) ,  and  glutamine  (3  mM) .   "Derepressing" 
medium  =  glucose  (11  mM)  mineral  salts,  glutamine  (10  mM) .   With  N99,  the 
average  specific  activity  observed  for  glutamine  synthetase  during  "repressing" 
growth  is  .198  and  that  during  "derepressing"  growth  is  1.22. 

(b)  Downshift  experiments.   Cells  growing  exponentially  in  repressing 
medium  were  collected,  washed,  and  resuspended  in  derepressing  medium.   (1) 
With  N99,  it  could  be  shown  that  the  initial  rate  of  increase  in  GS  level  was 
constant  over  a  90  minute  period  during  which  the  specific  activity  increased 
approximately  4-fold.   During  this  period,  the  specific  activities  of  GAT  and 
GDH  did  not  change,  while  the  increase  in  n  value  paralleled  the  increase  in 
GS  activity.   (2)  The  -^^p  labeling  pattern  of  nucleotides  during  this  period 
may  indicate  a  negative  effect  of  ppGpp  on  the  rate  of  this  process.   This 
observation  is  being  pursued.   (3)  The  level  of  GS  activity  is  elevated  in 
strain  MB22,  as  compared  to  N991  and  NlOOl,  both  in  glycerol  minimal  salts 
medium  and  in  derepressing  medium  following  a  30  minute  downshift  as  described 
above.   In  the  case  of  MB 22,  n  increased  from  2.0  to  6.8  during  this  down- 
shift period,  whereas  n  for  N991  increased  only  slightly.   This  observation 
will  be  pursued. 

III.  Physiological  Studies 

The  failure  to  express  the  multiple  potential  of  the  glnA  containing- 
plasmids  could  be  interpreted  as  a  limitation  in  the  availability  of  some 
positive  effector.   On  the  other  hand,  lack  of  increase  due  to  glnA  copies 
could  reflect  the  limit  imposed  by  a  closely  regulated  attenuation  process 
involving  the  intracellular  level  of  glutamine.   It  is  highly  likely  that 
both  processes  are  operating  simultaneously  and  that  the  resultant  level  of 
GS  reflects  the  state  of  balance  between  the  positive  and  negative  process. 
Because  of  the  effect  of  glnD"  mutation  upon  the  expression  of  glnA,  it 
appeared  that  the  effects  of  D-glutamate  addition,  when  examined  in  strains 
differing  with  respect  to  the  ratio  of  glnD  product  to  glnA  product,  might 
provide  some  insights  into  these  processes.   Enzyme  levels  in  isogenic 
strains  (see  Table  1)  growing  in  glycerol-minimal  salts-ammonia  were  compared 
after  a  60  minute  exposure  to  D-glutamate.   When  D-glutamate  is  added  to  N99 
growing  exponentially  in  excess  ammonia,  the  following  are  observed: 

1.  Increase  in  all  three  NH^  assimilatory  enzymes  specific  for  D-glut- 
amate, i.e. ,  no  effect  of  D-valine,  D-alanine,  D-aspartate. 

2.  D-glutamate  addition  elicits  an  increase  in  permeabilized  and  un- 
permeabilized  cells.   In  permeabilized  cells,  L-glutamine  at  the  same  concen- 
tration, decreases  effect  by  50%,  whereas  L-glutamate  completely  eliminates 
the  effect. 
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3.  Rate  of  increase  of  GS  and  GAT  identical  {-  2-fold  in  90  minutes) , 
whereas  the  faster  rate  of  increase  of  GDH  (~  3-fold  in  90  minutes)  might  in- 
dicate a  hierarchy  of  response  to  the  same  stimulus. 

4.  No  effect  of  D-glutamate  addition  during  NHt  limited  growth. 

A  summary  of  the  results  with  the  isogenic  plasmid-bearing  strains 
follows  below: 

A.  Glutamate  dehydrogenase 

1.  Specific  activity  increases  73%  within  60  minutes  in  strain  N99. 

2.  Greater  increases  in  specific  activity  are  observed  with  strains 
carrying  glnA"*"  plasmids  NlOOl  (152%)  ;  MB3  (106%)  ;  MB22  (117%)  . 

3.  All  strains  examined  showed  increased  levels  of  GDH  following  D- 
glutamate  addition,  except  for  strain  MB21  (glnA~) . 

4.  D-glutamate  induction  of  GDH  appears  independent  of  glnD  product 
and  dependent  on  either:   (a)  activity  of  GS  (MB21  is  CRM^)  or,  (b)  presence 
of  unaltered  glnA  (or  glnG)  product. 

B.  Glutamine  synthetase 

1.  Total  specific  activity  increases  19%  within  60  minutes  in  strain 
N99. 

2.  Greater  increases  in  specific  activity  are  observed  for  wild  type 
strains  carrying  glnA"^  plasmids:   N991  (47%)  ;  NlOOl  (50%)  ;  and  for  a  glnD" 
strain  carrying  a  glnD"*"  plasmid,  MB2  (38%;  where  the  initial  specific  activity 
is  GS  =  0.51) . 

3.  The  increase  in  GS  elicited  by  D-glutamate  appears  independent  of 
the  state  of  adenylylation  of  the  GS . 

The  above  data  suggest  a  reciprocity  between  the  product  of  the  glnD  gene 
and  a  product  of  the  glnA  region.   The  growth  of  both  glnD"  and  glnA"  mutants 
is  inhibited  by  L-glutamate.   It  has  been  noted  that  glnD"  mutants  give  ris^ 
to  L-glutamate  resistant  revertants  which  have  a  GS  constitutive  phenotype 
and  map  very  close  to  glnA.   In  the  absence  of  D-glutamate,  elevated  specific 
activity  of  GS  is  observed  for  glnD"  and  glnA"  strains  bearing  glnA"*"  plasmids 
(0.44  and  0.50,  respectively) . 

The  mechanism  by  which  D-glutamate  elicits  these  effects  is  obscure  at 
present,  but  further  studies  planned  with  glnF+  plasmid-bearing  strains  might 
help  to  clarify  which  elements  of  the  GS  regulatory  system  are  involved. 

Proposed  Course  of  Action 

1.  Continue  with  selection  for  glnF~  in  strain  N99. 

2.  Proceed  with  screening  of  Carbon  collection  to  identify  glnF'^'-bearing 
plasmid  by  correction  of  gltB  defect. 

3.  Constr^ict  ColEl  glnP"*"  isogenic  strains  for  study  of  D-glutamate 
effect  relative  to  glnA  and  glnD. 

4.  Continue  to  explore  hierarchy  of  nitrogen  control  for  GS,  GAT,  and 
GDH. 
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5.  Compare  the  D-glutamate,  addition  response  and  "derepressing" 
downshift  systems. 

6.  Continue  attempts  to  define  genetic/physiologic  conditions 

which  will  permit  one  to  determine  whether  the  NH3-assimilatory  enzymes  are 
controlled,  as  a  class,  by  induction,  derepression,  or  by  a  complex  attenuation 
scheme. 

Publications 

Garcia,  E.,  Federici,  M.M.,  Rhee,  S.G.,  and  Berberich,  M.A. :   Glutamine  Syn- 
thetase Cascade:   Enrichment  of  Uridylyltransf erase  in  E_^  coli  Carrying 
Hybrid  ColEl  Plasmids.  Arch.  Biochem.  Biophys.  203,  August  1980. 
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Project  Description 

Objectives;   The  continuing  focus  of  this  study  has  been  on  the  role  of 
cyclic  nucleotides  in  the  regulation  of  tubulin  activity.  We  previously 
showed  that  cAMP  in  the  presence  of  sodium  fluoride  inhibited  the  in  vitro 
assembly  of  microtubules  from  crude  supernatants .   The  present  objectives 
are  to  purify  and  characterize  the  components  involved  in  the  cAMP-dependent 
inhibition  of  polymerization  of  tubulin. 

In  addition,  we  plan  to  further  characterize  the  protein  phosphorylation 
in  brain  supernatant  that  is  stimulated  by  inosine  and  adenosine.   The 
protein (s)  will  be  purified  and  characterized. 

Major  Findings 

(1)  A  new  method  for  assaying  polymerization  of  microtubules  was  devel- 
oped.  This  method  utilizes  the  colchicine  binding  properties  of  tubulin  and 
has  the  advantages  that  it  is  rapid  and  directly  quantitates  the  tubulin 
incorporated  into  microtubules. 

The  method  has  been  modified  so  that  the  assay  time  is  significantly 
reduced  and  the  precision  is  increased. 

(2)  The  charcoal  method  for  assaying  colchicine  binding  to  tubulin  has 
been  modified.   This  allows  much  more  accurate  measurements  of  the  initial 
phase  of  colchicine  binding  reaction.   Using  this  method,  we  have  demonstrated 
a  biphasic  binding  curve.   It  is  not  known  whether  this  reflects  another 
species  of  tubulin  or  a  more  complex  binding  scheme,  however,  the  former 
seems  more  likely. 

(3)  The  nucleosides,  adenosine,  inosine,  and  guanosine,  but  not  cytidine, 
stimulate  the  incorporation  of  the  y -phosphate  of  ATP  into  TCA  precipitable 
protein  from  100,000  X  g  supernatant  prepared  from  porcine  brain.   The 
stimulation  is  2  to  4  times  that  observed  in  the  presence  of  cAMP.   A  similar 
stimulation  is  seen  after  the  supernatant  has  been  gel  filtered  on  PlO. 

The  phosphorylation  reaction  is  time  and  temperature  dependent;  maximum 
labeling  is  seen  at  5-10  minutes  at  30°C.   The  kinetics  of  the  reaction  differ 
when  adenosine  and  inosine  are  used.   While  the  same  maximum  level  of  phos- 
phorylation is  reached,  the  response  is  sigmoidal  in  the  presence  of  adenosine, 
and  hyperbolic  with  inosine.   AMP,  IMP,  and  XMP  increase  the  lag  time. 

Adenosine  is  rapidly  converted  to  inosine  (and  AMP)  in  these  preparations. 
The  rate  of  conversion  to  inosine  is  compatible  with  the  hypothesis  that  the 
observed  lag  is  the  time  required  to  build  up  the  concentration  of  inosine. 
In  the  presence  of  EHNA,  an  inhibitor  of  adenosine  deaminase,  there  was  no 
stimulation  of  phosphorylation.   These  two  pieces  of  evidence  suggest  that 
inosine  is  the  compound  which  stimulates  the  protein  phosphorylation. 

The  labeling  of  the  protein  is  not  due  to  tightly  bound  ATP.   %-ATP  was 
not  incorporated.   The  studies  on  the  stability  of  the  phosphate  label  suggest 
the  formation  of  an  acyl  phosphate  bond.   The  label  is  very  labile  above 
pH  8.0,  but  stable  at  neutral  pH  and  down  to  pH  4.0. 

There  is  no  stimulation  of  phosphate  incorporation  when  Pi  is  sxibstituted 
for  ATP.   Hypoxanthine  does  not  stimulate  phosphorylation,   Inosine  is  not  in- 
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corporated  into  the  TCA  precipitable  protein.   The  reaction  is  inhibited  by  GTP. 

The  reaction  was  monitored  in  the  presence  of  Mg"'"''",  Mn"*"*",  Ca"^"*",  and  EDTA. 
In  the  presence  of  Mg++,  Ca'*'"'',  and  EDTA,  there  was  a  similar  stimulation  by 
inosine  in  terms  of  total  pmoles  of  phosphate  incorporated.   The  reaction 
rate  is  much  slower  in  EDTA. 

When  the  proteins  are  separated  by  SDS-polyacrylamide  gel  electrophoresis 
and  autoradiography  alone,  there  are  three  proteins  that  are  labeled  in  the 
presence  of  inosine.   These  have  molecular  weights  of  approximately  63,000, 
37,000,  and  29,000.   The  relative  proportion  of  phosphate  incorporated  into 
these  appears  to  vary  with  the  experimental  conditions.  With  Mg++  present, 
the  29,000  Dalton  protein  is  heavily  labeled  with  a  small  increase  in  the 
labeling  of  the  63,000  Dalton  protein.   With  Ca++  present,  the  63,000  Dalton 
protein  is  most  heavily  labeled,  with  the  29,000  and  37,000  Dalton  proteins 
also  labeled.   With  EDTA  present,  only  the  63,000  and  37,000  Dalton  proteins 
are  labeled.   The  inosine  and  Mg''"''  concentrations  also  seem  to  affect  the 
pattern  of  labeling. 

Proposed  Course  of  Action 

The  following  studies  will  be  extended: 

(1)  Identify  and  purify  the  proteins  that  are  phosphorylated  or  dephos- 
phorylated  in  the  presence  of  cAMP  and  fluoride  in  the  crude  supernatants 
and  determine  how  they  change  the  activity  of  tubulin. 

(2)  Purify  the  protein  that  is  labeled  with  the  y-phosphate  of  ATP  in 
the  presence  of  inosine.   Attempt  to  identify  the  protein. 

Relevance  to  Medicine 

The  study  of  the  function  and  cellular  regulation  of  microtubules  has 
widespread  benefits  for  both  medicine  and  the  understanding  of  cellular  func- 
tion.  Microtubules  have  been  implicated  in  numerous  cell  processes  and 
functions,  including  the  control  of  hormonal  activation  of  adenylate  cyclase. 
The  exact  function  of  microtubules  in  each  of  these  is  still  not  clear.   Since 
microtubules  are  required  for  mitosis,  they  are  a  good  point  for  control  of 
malignant  cell  growth.   Likewise,  microtubules  are  important  in  wound  healing 
and  in  control  of  lyosome  function.   The  latter  is  particularly  important  in 
pathogenesis  of  gout,  arthritis,  and  periodontal  disease.   Other  cases  where 
a  defect  in  control  or  function  of  microtubules  contributes  to  diseases  are: 
Alzheimer's  disease,  lung  dysfunction,  infertility  in  cases  of  nonmotile 
cilia  and  flagella,  and  Chediak-Higashi  syndrome. 

The  importance  of  studying  the  effects  of  adenosine  is  illustrated  by  its 
implication  in  numerous  cellular  phenomena.   Adenosine  is  purported  to  be  a 
neurotransmitter,  and  it  has  a  role  in  controlling  the  synthesis  of  cAMP. 
Aberrations  in  adenosine  metabolism  have  resulted  in  diseases  such  as  immuno- 
deficiency disease  and  herediatry  hemolytic  anemia. 

In  contrast,  inosine  has  no  known  similar  effects  on  the  cell.   While  ino- 
sine decreases  cell  damage  in  kidney,  myocardium,  and  red  blood  cells,  this 
effect  is  most  likely  due  to  the  subsequent  increase  in  adenine  nucleotides. 
Thus,  it  is  of  interest  to  determine  which  enzyme  inosine  is  increasing  the 
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phosphorylation  of  and  determine  if  this  is  a  unique  activity  of  brain. 

Publications 

i  Garland,  D.L.:   cAMP  Inhibits  the  In  vitro  Assembly  of  Microtubules.  Arch. 

'    Biochem.  Biophys.  198;   335-337,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

(1)  The  activation  constant  of  cyclic  nucleotide  phosphodiesterase  by 

calmodulin  has  been  determined  by  several  methods .   No  cooper ativity  was 
detected  in  the  interaction  of  these  two  proteins.   Two  calmodulin  binding 
sites  per  phosphodiesterase  molecule  are  demonstrated  by  the  Job  plot. 

(2)  Ca^"*"  binding  to  calmodulin  has  been  carried  out  by  following  the  intrinsic 
Tyr  fluorescence  of  calmodulin  or  by  using  the  fluorescence  change  of  dansylated 
troponin  C  as  an  indicator  for  the  free  Ca2+.   Initial  positive  cooperativity 
followed  by  negative  cooperativity  in  Ca2+  binding  was  revealed  in  these  studies. 

(3)  Kinetic  studies  showed  that  all  four  Ca2+  sites  are  required  for  forming  the 
activated  phosphodiesterase-calmodulin  complex.   A  100,000-fold  increase  in  the 
affinity  between  phosphodiesterase  and  calmodulin  can  be  achieved  by  a  20-fold 
preferential  binding  of  each  of  the  four  Ca2+  to  the  protein-protein  complex. 
The  strong  cooperativity  of  the  four  Ca2+  sites  also  permits  the  inactivation  of 
phosphodiesterase  to  be  turned  on  and  off  by  a  small  change  in  Ca2+  concentration. 
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Project  Description 
Objectives: 

(1)  To  gain  knowledge  of  the  regulatory  and  catalytic  mechanism  of 
enzymes,  specifically  those  regulated  by  calmodulin. 

(2)  To  develop  or  improve  methods  and  theories  applicable  to  the  study 
of  enzyme  mechanisms. 

Major  Findings 

(1)   The  activation  constant,  K^,  of  cyclic  nucleotide  phosphodiesterase 
(PDE)  by  the  fully  liganded  calmodulin  (CM)  and  the  stoichiometry  of  inter- 
action between  PDE  and  CM  were  determined  so  that  a  model  could  be  constructed 
to  test  the  mechanism  of  Ca2+  activation  of  PDE  by  CM. 

K^  was  determined  from  the  profile  of  activated  PDE  activity  (observed 
initial  rate  minus  the  basal  activity,  i.e. ,  PDE  activity  in  the  absence  of 
Ca2+)  as  a  fvinction  of  total  CM  concentrations  according  to  the  following 
equation  (cf.  Huang's  Annual  Report,  1977-78): 

CM^  ^  =  K'  +0.5  (PDE)  (1) 

0 .  b    a  o 

where  CMq^s  is  the  total  CM  concentration  at  50%  activation;  (PDE) q  is  the 
total  PDE  concentration,  and  K^  =  Ka  (Kjn6/Kinl)  •   K^  is  the  dissociation  con- 
stant for  the  PDE  •  CM •  Ca^"*"  complex;  KmG  is  the  Michaelis  constant  for  cyclic 
AMP  (cAMP)  for  the  PDE-CM'Ca|+  complex;  and  K^i   ^^   the  Michaelis  constant  for 
CAMP  for  PDE.   The  K^,  K^q,    and  K^i  obtained  at  pH  7.0,  25°C  are  1.14  X  10"^° 
M,  3.0  X  10"^  M,  and  1.5  X  10~4  m,  respectively.   From  these  data,  a  value  of 
5.7  X  10~10  M  for  K^  is  obtained.   No  cooperativity  was  discernible  from  the 
activation  curve. 

The  extent  of  activation  and  the  affinity  of  PDE  for  CM  vary  with  pH 
and  temperature.  At  pH  8,  30°C,  a  higher  activation  factor  (6-8-fold  over 
the  basal  activity  compared  with  3-4-fold  activation  at  pH  7,  25°C)  and  a 
higher  K^  (1.03  X  10~9  M)  were  observed.  The  validity  of  Equation  1  was 
confirmed  when  the  values  of  CM0.5  obtained  at  several  PDE  concentrations 
were  plotted  against  total  PDE  concentrations.  The  slope  of  such  a  plot, 
0.46,  is  very  close  to  the  theoretical  value  of  0.5. 

To  further  verify  the  magnitude  of  K^,  the  on-off  rate  constants  for 
the  PDE  •  CM  •  Ca^"*"  complex  formation  were  measured.   The  off -rate  constant, 
evaluated  by  the  addition  of  excess  CM  binding  protein  to  pull  CM  away  from 
the  complex,  has  been  reported  to  be  about  3  X  10"^  S"-'-  at  pH  7,  30°C  (Huang's 
annual  report,  1977-78) .   The  on-rate  constant  was  determined  by  mixing 
equimolar  PDE  and  CM-Ca^"*",  and  following  the  rate  of  activation  at  a  saturat- 
ing level  of  cAMP.   The  protein  concentrations  were  at  least  five  times  higher 
than  K'  such  that  the  bimolecular  reaction  could  be  treated  as  an  irreversible 

a. 

process.   This  process  can  be  described  by  the  following  equations: 

V  =  V^  -  (V^  -  V  )/(l  +  k^  E^  t)  (2a) 

and  P  =  V^t  -  [(V^  -  V^)  In  (1  +  k^  E   t) ]/k^  E  (2b) 

f       f    b  1  o      1  o 

where  Vf  and  Vt^  are  the  final  and  basal  velocities;  ki  is  the  bimolecular 
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rate  constant;  and  P  is  the  product.   The  second  order  rate  constants  obtained 
from  three  separate  experiments  using  different  protein  concentrations  agreed 
with  one  another  quite  well.   The  resultant  value,  4  X  10^  M~l  s"-'-,  permits 
the  calculation  of  a  K^  of  0.8  X  10"^  M  from  the  ratio  of  off -rate  and  on-rate 
constants,  which  agrees  quite  well  with  the  K^  of  1.03  X  10"^  M  determined 
from  activation  curves.   At  pH  7.0,  25°C,  the  on-rate  constant  similarly 
determined  also  is  about  4  X  10^  M~l  s~l,  indicating  that  the  tighter  binding 
affinity  for  the  PDE  and  CM-Cal"^  is  due  mainly  to  a  slower  off -rate  constant. 

Knowledge  of  K^  allows  us  to  determine  the  stoichiometry  of  interaction 
between  PDE  and  CM  by  the  continuous  variation  approach  (Job  plot) .   The  num- 
ber of  CM  bound  per  PDE  dimer,  n,  is  computed  according  to  the  following 
expression: 


X/Y  = 


^K 


+   n 


o  a 


^o) 


if  C  is  large 
o 


(3) 


where  X  and  Y  are  the  mole  fractions  of  CM  and  PDE  at  the  intersection  point 
of  the  two  limiting  slopes  in  the  activation  vs  mole  fraction  plot,  and  Cq  is 
the  sum  of  PDE  and  CM  concentrations  maintained  at  a  constant  value.   The  Cq 
used  in  the  experiments  were  greater  than  10  K^  to  insure  the  validity  of  the 
value  of  n  determined  by  this  method.   When  the  molar  concentration  of  PDE  was 
expressed  in  terms  of  subunits,  an  n  number  of  1.13  was  obtained;  whereas 
when  PDE  concentration  was  expressed  in  terms  of  dimers,  n  =  2.0.   These 
values  showed  that  there  is  one  CM  binding  site  per  PDE  subunit. 

From  the  above  experiments,  it  is  concluded  that  there  are  two  equal, 
noninteracting  CM  sites  on  the  dimeric  PDE.   Thus,  the  PDE  system  can  be 
treated  as  a  monomeric  enzyme  and  the  following  general  scheme  for  the 
activation  of  PDE  can  be  written: 
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ES=^=^E;•c^)^B.c^/.cr^=^ES•c^/•c;;^P^ES•c^f.a7^=:5iES•c^/.c4 


Scheme  I 

In  this  scheme,  K^,  K2,  K3,  K4  =  dissociation  constants  for  the  CM-Ca^"*"  com- 
plexes; KJ^,  K^,  K|,  K^  =  dissociation  constants  for  the  PDE-CM.Ca2+  complexes; 
Ka,  K]-,,  K^,  K^,  Kg  =  dissociation  constants  for  the  PDE  and  liganded  CM  com- 
plexes; Kini,  Y^2>    Kjn3'  ^A'   ^5'   ^^6  ^  Michaelis  constants  for  cAMP  for  the 
various  PDE  species.   It  should  be  noted  that  the  scheme  merely  describes  the 
degree  of  saturation  of  Ca2+  for  CM,  E-CM,  and  ES-CM  complexes.   Sequential 
binding  of  Ca^"*"  is  not  implied. 
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(2)  To  study  the  Ca2"'"-dependent  activation  of  PDE  by  CM,  the  dissoci- 
ation constants  for  the  CM-Ca^"^  complexes  must  be  determined.   Although  sever- 
al laboratories  have  reported  on  the  binding  of  four  moles  of  Ca^^  per  mole 

of  CM,  the  mode  of  Ca2+  binding  has  remained  a  subject  of  controversy.   Thus, 
Ca2+  binding  to  CM  was  reinvestigated  under  the  experimental  conditions  of 
our  mechanistic  studies:   pH  7.0,  25°C,  in  the  presence  of  5  mM  Mg2+,  and  with 
free  Ca2+  buffered  by  1  mM  EGTA.   It  has  been  reported  that  the  Tyr  fluor- 
escence of  CM  was  enhanced  upon  binding  of  Ca2+.   This  property  was  utilized 
as  an  indicator  of  Ca2+  binding  in  our  studies.   However,  the  fluorescence 
change  due  to  the  successive  binding  of  Ca2+  may  not  increase  linearly.   To 
circumvent  this  problem,  a  standard  curve  of  Tyr  fluorescence  as  a  function 
of  bound  Ca2+  was  constructed  by  the  following  approach:   a  high  concentration 
of  CM  sample,  4  X  10~4  M,  which  is  10-100  times  higher  than  the  reported  Ca2+ 
dissociation  constants,  was  used  such  that  the  Ca2+  added  to  the  sample  up  to 
four  equivalent  amounts  was  completely  bound  (EGTA  buffer  was  not  used) . 
Assuming  no  interference  by  the  presence  of  EGTA,  one  can  determine  the  amount 
of  Ca2+  bound  by  comparison  of  the  percent  fluorescence  change  observed  at 
various  free  Ca2+  concentrations  (maintained  by  the  Ca2+-EGTA  buffer)  with 
that  of  the  standard  curve.   In  addition,  in  a  separate  experiment,  the  large 
fluorescence  change  due  to  Ca2+  binding  to  dansylated  troponin  C  reported  by 
Potter  was  utilized  as  an  indicator  for  the  free  Ca2+  concentration  (EGTA 
buffer  not  used) .   The  dansylated  troponin  C  was  present  in  small  amounts  such 
that  the  equilibrium  between  Ca2+  and  CM  was  not  disturbed.   The  Ca2+  titra- 
tion curves  obtained  by  the  two  methods  described  above  were  found  to  coin- 
cide with  each  other,  provided  a  stability  constant  of  10-'-° -^  for  the  Ca2+.EGTA 
complex  reported  by  Ogawa,  instead  of  the  lO^l  reported  by  Schwarzenbach  for 
unbuffered  (pH)  solutions,  was  used  to  compute  free  Ca2+  concentrations  in 
the  EGTA-buf fered  experiments.   This  observation  supports  Ogawa 's  finding  that 
the  formation  constant  of  Ca2+-EGTA  is  somewhat  lower  in  a  buffered  solution. 

Scatchard  plot  of  our  Ca2+  binding  data  showed  four  Ca2+  sites  per  CM 
molecule  and  displayed  unmistakable  positive  cooperativity .   Computer  fitting 
of  the  data  yielded  the  following  dissociation  constants:   K]_  =  7.5  X  10~5  m, 
K2  =  2.7  X  10"^  M,  and  K3  =  K4  =  3.0  X  10"^  M.   The  initial  positive  coopera- 
tivity and  subsequent  negative  cooperativity  revealed  by  these  constants  are 
in  agreement  with  the  observations  previously  reported  by  Crouch  and  Klee. 
The  dissociation  constants  also  are  similar  in  magnitudes  to  those  obtained 
in  the  presence  of  3  mM  Mg2+  by  Crouch  and  Klee. 

(3)  Kinetic  studies  on  the  activation  of  PDE  by  CM  as  a  function  of 
Ca2+  concentration  have  been  reported  by  several  laboratories,  but  detailed, 
systematic  analysis  is  still  lacking.   The  highly  cooperative  Ca2+  activation 
curve  has  prompted  some  workers  to  propose  that  3-4  Ca2+  must  be  bound  for 

CM  to  exert  its  activating  effect  on  PDE.   However,  these  workers  based  their 
proposal  on  the  amount  of  Ca2+  bound  to  the  PDE -CM  complex,  which  was  calcu- 
lated by  using  Ca2+  dissociation  constants  obtained  from  Ca2+  binding  to  CM 
alone.   Since  the  interaction  between  PDE  and  CM  in  the  absence  of  Ca2+  is 
very  weak  (i.e. ,  Kg  is  rather  large,  cf .  Scheme  I)  and  K^  is  on  the  order  of 
10-9  M,  it  is  obvious  that  Ca2+  binding  to  CM  in  the  presence  of  PDE  must  be 
considerably  tighter  (otherwise  K^  will  equal  Kg) .   Clearly,  the  inappropri- 
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ate  calculation  of  the  amount  of  bound  Ca2+  does  not  permit  these  workers  to 
make  such  a  conclusion.   Any  quantitative  analysis  of  the  mechanism  of  PDE 
activation  must  be  approached  from  kinetic  considerations. 

From  Scheme  I,  a  rate  equation  for  the  activation  of  PDE  by  CM  and  Ca^"*" 
can  be  derived.   To  avoid  excessive  mathematical  treatment,  we  shall  go  direct- 
ly to  the  case  in  which  the  PDE-CM-Ca|   is  the  only  activated  species  and 
CMq  >>  PDE: 


Av  =  AV   (CM  )  (K  VK  K  ^)  ($y$_) 
m    o    ml   e  mo    12 


1  +  (CM  /K  )  ($-/$_) 
o   e    J   2 


(4) 


where  Av  =  v  -  basal  activity 

4  2+ 

$  =  C  /K'  K'  K'  K'       (C  =  Ca   concentration) 

$2=1+  C/K^  +  C^/K^  K^  +  C^/K^  K^  K^  +  C^/K^  K^  K^  K^ 

•   ^  ^^mL/\5^  ^'/^i  S  S  ^  (\l/\6^  c'/^i  S  S  ^4 
Double  reciprocal  plot  of  1/Av  vs  1/CMq  will  yield  the  following  parameters: 

slope  =  (K^  K^e'^^ml^  ^*2/*l^  ^^^^ 

and  y  intercept  =  (K  ^/K  J  ($^/$J  (1/AV  )  (5b) 

mo  mi    3   1       m 

Since  the  value  of  $2  "^^^  ^^  calculated  from  the  known  values  of  K^,   K2,  K3, 
and  K4  for  any  given  free  Ca^"*"  concentration,  it  can  be  shown  that 

(slope/$2)  =  ^We^^^^^h 

or  log  ($  /slope)  =  4  log  C  -  log  K'   Kl  K!  K!  K   (K  ^/K  J  (6) 

2  1234em6ml 

Thus,  if  all  four  Ca2+  sites  must  be  filled  in  order  for  CM  to  activate  PDE, 
then  a  plot  of  log  ($2/slope)  vs  log  Ca^"^  should  yield  a  slope  of  4.   Further- 
more, from  the  intercept  at  log  Ca2+  =  0  of  such  a  plot,  the  size  of 
K-[  K^  K^  K'  Kg  can  be  estimated  and  verified  by  the  equilibrium  relationship 
(of.  Scheme  I) : 

K-  K-  K-  K-  K^  (K^^/K^^)  =  K^  K^  K3  K^  K^  (K^^/K^^) 

=  K^  K^  K3  K^  K^ 

Initial  rate  measurements  at  pH  7.0,  25 °C,  in  Ca2+-EGTA  buffer  over  a 
500-fold  variation  of  CM  concentrations  and  a  10-fold  variation  of  Ca2+  con- 
centrations were  performed.   The  results,  when  plotted  in  double  reciprocal 
plots,  yielded  a  family  of  linear  lines  (each  representing  a  given  Ca2+  con- 
centration) which  appears  to  interesect  on  the  ordinate.   This  indicates  that 
Kg  is  large  relative  to  the  concentrations  of  CM  (up  to  10-6  m)  used  in  these 
experiments  and  that  $3  ==  $x. 
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When  the  log  ($2/slope)  vs  log  Ga2+  plot  was  made,  a  slope  of  4.03  ±  0.15 

was  obtained  over  the  Ca2+  concentration  range  of  2.5  X  10-7-2.5  X  10"^  M. 

The  intercept  obtained  at  log  Ca2+  =  0  was  30.5,  v^hich  agreed  with  the  value 

calculated  from  -log  Ki  K2  K3  K4  K^  =  29.7  very  well  (within  2.7%)  .   The 

analysis  strongly  suggests  that  all  four  Ca^"*"  must  be  bound  before  CM  can 

activate  PDE.   Alternatively,  it  may  reflect  a  cooperativity  among  the  four 

Ca2+  sites  that  is  practically  infinitely  high.   At  any  rate,  the  fully- 

liganded  PDE •  CM •  Ca|'''  species  is  the  dominant  form  of  the  activated  enzyme. 

2+ 
Can  one  rule  out  that  the  unsaturated  forms,  say  PDE"CM*Ca3  ,  are  not 

activated?   If  one  assumes  that  both  the  PDE -CM"  Ca^"*"  and  PDE  •  CM 'Ca^"*"  forms  are 

fully  activated  and  both  have  the  same  Kjjj,  then  one  can  obtain  the  'following 

expression  for  the  slope  of  the  log  ($2/slope)  vs  log  Ca^"*"  plot: 

3  +  4  Ca^VK^  (7) 

1  +  c^Vk; 

It  can  be  seen  from  Equation  7  that,  if  K^  and  the  free  Ca^'^  concentration 
are  of  the  same  order  of  magnitude,  a  slope  of  3.5  instead  of  4  will  be  ob- 
tained.  If  the  free  Ca2+  concentration  is  about  10  K^,  however,  the  slope 
value  will  be  3.9.   Since  we  observed  a  slope  of  4  at  Ca2+  concentrations  as 
low  as  2.5  X  10"" '7  M,  Kl  would  have  to  be  <  IQ-^  m  to  give  rise  to  this  situ- 
ation.  This  would  still  mean  that  (PDE-CM-Cal''"  :  PDE-CM-Cal'*')  >  10;  i.e.,  the 
fully  liganded  species  would  be  the  dominant  form.   The  values  of  Kq,  K|,  K^t 
K3,  and  K4  cannot  be  evaluated  until  kinetic  data  collected  at  [Ca2+]  1  10-8  m 
are  available.   But  it  is  possible  to  estimate  an  upper  limit  for  Kg,  the  dis- 
sociation constant  for  PDE  and  CM  in  the  absence  of  Ca2+.   Our  data  indicate 
that  even  at  a  free  Ca2+  concentration  of  5  X  IQ-^,  the  y  intercept  in  the  1/Av 
vs  1/CMq  plot  is  the  same  as  l/AVm,  suggesting  that  $3  =^  $]^.   This  further 
suggests  that  K'  K^  K'  K^  <  10-26  m^  because  C^/Kf  K^  K^  K^  must  be  >  1.   From 
the  known  value  of  Kg  K{  K^  K;^  K|  (K^e/Vl)  =  3-2  X  10-31  m^  and  Kj^g/Kmi  =  5, 
one  can  calculate  an  upper  limit  for  Kg  >  10"^  m.   This  estimate  is  consistent 
with  our  molecular  weight  measurement  by  the  airfuge  technique.   No  complex 
formation  between  PDE  and  CM  was  detected  at  protein  concentrations  on  the 
order  of  10"^  M. 

When  percent  activation  of  PDE  is  plotted  against  log  Ca2+,  it  is  found 
that  the  Ca2+  concentration  for  50%  activation  decreases  with  increasing  CMq. 
For  example,  at  CM^  =  2.09  X  10-8  m,  Ca^+^  =  2  X  10-6  m,  and  at 
CM  =  1.16  X  10-5  M,  Ca^'''5  =  2  X  10"^  M.°  The  implication  is  that  depending  on 
on  the  levels  of  CM,  the'ca2"'"  concentration  needed  for  PDE  activation  in  dif- 
ferent tissues  may  be  quite  different.   In  this  regard,  it  is  also  interesting 
to  note  tl\at  the  transformation  of  chicken  embryo  fibroblasts  by  Rom  Sarcome 
virus  is  accompanied  by  a  marked  increase  in  the  cellular  concentration  of  CM. 
Another  implication  is  that,  at  normal  cellular  Ca2+  concentration  (<  10"'^)  , 
PDE  and  CM  do  not  form  a  complex,  since  the  highest  known  total  concentration 
of  CM  is  about  IQ-^  M  (in  bovine  brain) .   In  other  words,  the  distribution  of 
CM  among  its  various  target  enzymes  may  be  reshuffled  for  each  Ca2+  surge, 
depending  on  the  cellular  levels  of  the  enzymes'  substrates  and  other  ions 
(e.g. ,  Mg2+) . 
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The  activation  curves  described  above  also  reveal  that  0-100%  activation 
of  PDE  is  accomplished  by  a  10-fold  increase  in  Ca2+  concentration  for  a  given 
CMq.   This  sharp  increase  cannot  be  accounted  for  by  considering  PDE-CM-Ca|+ 
being  the  sole  activated  species  without  any  cooperativity  in  Ca2+  binding  { 100- 
fold  increase  in  Ca2+  concentration  would  be  required) .   Therefore,  the  bind- 
ing of  Ca2+  to  the  PDE -CM  complex  must  involve  positive  cooperativity,  and  the 
existence  of  four  Ca2+  binding  sites  on  CM  provides  an  effective  on-off  switch 
to  activate  or  deactivate  PDE  over  a  narrow  range  of  Ca^"*"  concentration. 

The  very  tight  binding  of  CM-CA^''"  to  PDE  (K^  =  10-9-10"!°  M)  also  points 

to  the  importance  of  having  four  Ca2+  sites  on  CM.   The  magnitude  of  K^ 

suggests  that  PDE  is  fully  activated  at  a  free  CM  concentration  as  low  as 

10~^  M.  The  tight  binding,  therefore,  allows  CM  to  have  the  capacity  of  being 

fully  utilized  during  a  surge  of  Ca2+.   The  10^-10^-fold  increase  in  affinity 

between  PDE  and  CM  (from  K^  >  10"^  M  to  K'  =  10~9-10~!°  M)  can  be  achieved 

c  —  a  oj_ 

relatively  easily  through  a  ~  20-fold  increase  in  Ca*^ '  affinity  for  each  of 
the  four  binding  steps.   If  there  was  only  one  Ca2+  site  on  CM,  not  only  will 
the  on-off  switch  be  rendered  inefficient,  but  also  the  dissociation  constant 
for  the  PDE-CM-Ca2+  complex  will  have  to  be  lowered  to  1  10-10_]_o-ll  m.   Such 
a  low  dissociation  constant  for  Ca^"*"  will  further  reduce  the  efficiency  of 
the  control  process  in  terms  of  time.   Thirty  minutes  or  more  may  be  needed 
to  completely  deactivate  PDE  because  of  the  slow  off -rate  constant  (~  10~3 
s~l)  of  Ca2+, 

The  model  described  in  Scheme  I  should  be  applicable  to  other  CM-regu- 
lated  enzyme  systems.   It  may  be  a  general  mechanism  by  which  various  enzymes 
are  activated  by  Ca2+  through  the  mediation  of  CM. 

Proposed  Course  of  Research 

(1)  Interaction  of  calmodulin  and  its  binding  protein  with  the  cyclic 
nucleotide  phosphodiesterase. 

(2)  Properties  and  mechanism  of  action  of  the  high  molecular  weight 
(80,000)  calraodulin-like  protein. 

(3)  Effect  of  Ca^'*'  and  phosphorylation  on  the  calmodulin-regulated  pro- 
tein kinases  in  the  glycogen  phosphorylase  and  the  tryptophan  hydroxylase 
systems. 

Publications 

Milman,  H.A. ,  Cooney,  D.A. ,  and  Huang,  C.Y.:   Studies  on  the  Mechanism  of  the 
Glutamine-Dependent  Reaction  Catalyzed  by  Asparagine  Synthetase  from  Mouse 
Pancreas.  J.    Biol.  Chem.  255:   1862-1866,  1980. 

Bale,  J.R.,  Chock,  P.B.,  and  Huang,  C.Y.:   The  Nature  of  Negative  Cooperativity 
in  Alkaline  Phosphatase:   Kinetic  Patterns  Contrary  to  the  Flip-Flop  Model. 
jL-  Biol-  Chem.  255,  1980,  in  press. 

Bale,  J.R.,  Huang,  C.Y.,  and  Chock,  P.B.:   Transient  Kinetic  Analysis  of  the 
Catalytic  Cycle  of  Alkaline  Phosphatase.   J_.  Biol.  Chem.  255,  1980,  in  press. 

Wang,  J.H. ,  Sharma,  R.K. ,  Huang,  C.Y.,  Chau,  V.,  and  Chock,  P.B. :   On  the 
Mechanism  of  Activation  of  Cyclic  Nucleotide  Phosphodiesterase  by  Calmodulin. 
Ann.  ii.Y.  Acad.  Sci. .  1981,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Suspensions  of  cells  of  Klebsiella  aerogenes  inactivate  and  then  proteoly- 
tically  degrade  glutamine  synthetase.   The  inactivation  reaction  bears  character 
istics  similar  to  cytochrome  P-450  dependent  reactions.   Ascorbic  ^cid  mimics 
some  P-450  reactions,  and  ascorbate  does  inactivate  glutamine  synthetase. 

Ascorbate- inactivated  glutamine  synthetase  was  studied  to  identify  the 
altered  amino  acid(s).   Spectral  studies  were  consistent  with  the  oxidation  of 
one  tyrosine/subunit  to  a  dopa-like  compound.   Alkaline  hydrolysis  documented  thit 
the  2  tryptophan/subunit  were  not  altered.   Acid  hydrolyses  suggest  a  loss  of  one 
tyrosine  and  one  histidine  per  subunit. 

The  chemical  changes  identified  so  far  can  be  mediated  by  cytochrome  P-450 
dependent  systems.   Thus,  such  systems  may  be  physiologically  involved  in  the 
degradation  of  specific  proteins. 
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Project  Description 

Objectives;   Suspensions  of  cells  of  Klebsiella  aerogenes  Inactivate 
and  then  degrade  glutamlne  synthetase.   Ascorbic  acid  also  Inactivates 
glutamlne  synthetase.   This  reaction  provides  a  model  of  the  Inactlvatlon 
step  which  occurs  within  cells.   The  objectives  of  this  project  are 
determination  of  the  chemical  changes  which  occur  on  Inactlvatlon  of 
glutamlne  synthetase;   purification  and  characterization  of  the  Inactivating 
and  proteolyzlng  components  of  the  cell;   and  assessment  of  the  physiologic 
control  of  inactlvatlon  and  proteolysis. 

Major  Findings 

This  year's  efforts  were  concentrated  on  determining  the  chemical 
changes  which  occur  upon  oxidative  inactlvatlon  of  glutamlne  synthetase. 

1.  Tryptophan  Is  not  altered. 

The  second  derivative  of  the  absorption  spectrum  was  unchanged  by 
inactlvatlon  In  the  region  specific  for  tryptophan.   Similarly,  with 
excitation  at  300  nm,  the  fluorescence  emission  spectrum  was  unchanged. 
Finally,  alkaline  hydrolysis  of  the  protein  demonstrated  that  the  2 
tryptophan/subunit  were  unchanged. 

2.  Spectral  changes  suggest  oxidation  of  ^a  tyrosine. 

Upon  inactlvatlon,  the  absorptivity  of  glutamlne  synthetase  Increases. 
The  difference  is  small,  5%  at  the  peak,  but  real.   It  occurs  on  inactlva- 
tlon of  either  unadenylylated  or  adenlylyated  enzyme. 

Construction  of  a  division  spectrum  showed  that  the  difference 
spectrum  was  not  an  artifact  of  differences  in  concentration  of  the 
Inactivated  and  control  enzymes.   (In  working  with  small  spectral  changes, 
matching  of  protein  concentrations  is  critical  but  difficult.)   Dividing 
one  spectrum  by  another  will  yield  a  flat  line  if  the  two  spectra  are  of 
the  same  substance  at  different  concentrations.   If  the  spectra  differ  in 
other  than  concentrations,  then  the  division  spectrum  will  not  be  flat. 

The  observed  difference  spectrum  suggested  oxidation  of  an  aromatic 
amino  acid.   Specifically,  the  difference  spectrum  was  qualitatively  and 
quantitatively  consistent  with  the  oxidation  of  a  single  tyrosine  residue 
to  a  dopa-llke  residue.   Computer-simulated  synthesis  of  a  glutamlne 
synthetase  molecule  revealed  that  substitution  of  one  tyrosine  for  dopa 
yielded  spectral  changes  similar  to  those  on  Inactlvatlon  by  ascorbate. 

3.  Amino  acid  analyses. 

Amino  acid  analysis  of  the  inactivated  enzyme  have  been  compared  to 
that  of  the  control.   These  studies  have  proven  difficult  to  reproduce 
because  they  require  detection  of  changes  on  the  order  of  5%.   Modifications 
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of  techniques  may  yield  the  required  precision,  but  for  now  results  are 
tentative:   The  inactivated  enzyme  has  lost  one  of  16-17  histidines/ 
subunit  and  one  of  16  tyrosines/subunit .   A  new  peak  was  detected  in  the 
acidic  amino  acid  region,  but  it  has  not  yet  been  identified. 

Dopa  has  not  been  detected  either  on  the  analyzer  or  by  fluorimetric 
assay.   However,  control  experiments  demonstrated  instability  of  dopa 
under  hydrolysis  conditions  with  hydrochloric  or  methanesulfonic  acids. 

4.  Inactivated  enzyme  is  more  susceptible  to  degradation. 

We  noted  earlier  that  in  cell  suspensions,  inactivation  preceeds 
degradation  of  glutamine  synthetase.   We  hypothesized  that  the  modifications 
associated  with  inactivation  might  "mark"  the  protein  for  subsequent 
degradation.   Experiments  carried  out  by  C.  N.  Oliver  and  E.  R.  Stadtman 
documented  that  ascorbate-inactivated  enzyme  was  much  more  susceptible  than 
the  control  to  proteolysis  by  an  extract  from  Escherichia  coli. 

5.  Analytical  Techniques. 

Studies  on  the  chemical  changes  associated  with  inactivation  of 
glutamine  synthetase  led  to  the  development  of  2  new  methods  of  analysis: 
1)   quantitation  of  aromatic  amino  acids  within  proteins  by  second 
derivative  spectroscopy  and  2)   rapid  alkaline  hydrolysis  of  proteins  for 
tryptophan  determination. 

The  first  method  now  permits  quantitation  of  phenylalanine,  tyrosine, 
and  tryptophan  in  proteins  denatured  in  guanidine  hydrochloride.   The 
method  requires  about  1  minute  and  gives  results  with  less  than  4%  error 
in  each  amino  acid.   The  success  of  the  technique  depended  on  development 
of  models  of  the  amino  acids  which  mimic  the  spectral  characteristics  of 
the  residues  within  proteins. 

As  an  incidental  finding,  the  method  revealed  that  glutamine  synthetase 
contains  2  tryptophan/subunit.   Earlier  studies  using  direct  UV  methods 
gave  a  value  of  3.   Alkaline  hydrolysis  confirmed  that  the  correct  value 
is  2. 

The  second  method,  for  alkaline  hydrolysis,  permits  determination  of 
the  tryptophan  content  of  a  protein  within  several  hours.   Sub-nanomole 
amounts  suffice  for  the  assay. 

Significance  to  Biomedical  Research 

The  net  concentration  of  any  protein  represents  the  balance  point  of 
its  synthesis  and  degradation.   Although  the  biochemical  mechanisms  of 
protein  synthesis  are  known  in  detail,  very  little  is  known  of  the 
pathways  of  protein  degradation. 
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In  previous  reports,  we  noted  that  Inactivation  of  glutamine  synthetase 
by  extracts  of  Klebsiella  shared  characteristics  of  the  cytochrome  P-450 
oxidase  systems.   Since  ascorbate  can  mimic  some  P-450  dependent  reactions, 
ascorbate  was  tested.   Ascorbate  did  inactivate  glutamine  synthetase.   Studies 
summarized  in  this  report  suggest  that  inactivation  is  associated  with 
oxidation  of  a  tyrosine  residue  to  a  dopa-like  compound.   Such  a  reaction 
could  well  be  catalyzed  by  a  P-450  dependent  system  in  vivo. 

Studies  by  C.  N.  Oliver  and  E.  R.  Stadtman  in  this  laboratory  have  now 
demonstrated  that  ascorbate- inactivated  glutamine  synthetase  is  more 
susceptible  than  control  enzyme  to  proteolytic  degradation.   Also,  a  purified 
mammalian  P-450  system  mediates  inactivation  and  degradation  of  bacterial 
glutamine  synthetase.   We  therefore  hypothesize  that  cytochrome  P-450 
may  function  physiologically  in  the  degradation  of  proteins. 

Knowledge  of  the  mechanism  of  degradation  of  specific  proteins  would  be 
valuable.   Degradation  of  specific  proteins  is  of  paramount  physiologic 
importance  during  growth  and  development  of  the  fetus  and  child.   Abnormal 
protein  degradation  occurs  in  several  disease  states  -  -  muscular  dystrophy 
is  perhaps  the  best  known. 

Proposed  Course  of  Research 

Studies  on  the  chemical  changes  in  inactivated  glutamine  synthetase  will 
continue.   Studies  on  cytochrome  P-450  systems  from  mammalian  and  bacterial 
sources  will  receive  increasing  emphasis. 

Publications 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Clostridium  barkeri  incorporates  selenium  into  the  enzyme  nicotinic  acid 
hydroxylase  as  shown  by  copurification  using  numerous  protein  separation 
techniques.   Nicotinic  acid  hydroxylase,  like  many  flavoproteins,  possesses 
NADPH  oxidase  activity.   The  activity  when  nicotinic  acid  serves  as  the  sub- 
It^e   is  more  sensitive  than  the  NADPH  oxidase  to  reduction  and  alkylation, 
treatments  that  frequently  modify  selenium  compounds.   This  suggests  that  the 
selenium  is  associated  with  the  nicotinic  acid-reactive  site  on  the  enzyme. 
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Project  Description 


Objectives;   To  elucidate  the  role  of  selenium  In  selenoproteins  and 
to  determine  the  biosynthetic  pathway  of  their  synthesis. 

Progress 

(1)  Attempts  to  stabilize  the  very  labile  nicotinic  acid  hydroxylase 
activity  with  numerous  reagents  have  failed.   However,  it  has  been  possible 
to  purify  the  enzyme  to  greater  than  80%  purity  using  several  very  rapid 
separation  procedures  and  still  retain  a  substantial  amount  of  activity. 
Selenium  remains  associated  with  the  enzjrme  activity  during  these  procedures 
and  during  analytical  disc  gel  electrophoresis. 

(2)  Nicotinic  acid  hydroxylase,  like  many  flavoproteins,  has  an 
associated  activity,  NADPH  oxidase.   The  hydroxylase  activity  of  the  enz3mie 
is  more  labile  than  the  oxidase  activity  to  alkylation  and  reduction.   The 
known  sensitivity  of  organoselenium  compounds  to  these  treatments  suggests 
that  the  selenium  may  be  located  near  or  at  the  hydroxy lation  site. 

(3)  Structural  studies  on  the  chemical  form  of  the  selenium  moiety  in 
nicotinic  acid  hydroxylase  have  been  hampered  by  the  inability  to  get  puri- 
fied protein  which  contains  more  than  1%  of  active  enzjone.   The  rapid  puri- 
fication procedure  mentioned  in  Section  1  should  permit  the  study  of  the 
nature  of  the  selenium  in  the  active  enzyme. 

Publications 

1)  J.  B,  Jones,  G.  L.  Dilworth  and  T.  C.  Stadtman.   Identification  of 

Selenocysteine  in  the  Selenium-dependent  Formate  Dehydrogenase  of 
Methanococcus  vannielii.   Arch.  Biochem.  Biophys.  195;   255-260,  1979. 

2)  Bacterial  Selenoproteins.   T.  C.  Stadtman,  G.  L.  Dilworth  and 

C.-S.  Chen.   3rd  Int.  Symp.  on  Selenium  and  Tellurium  Chemistry,  in  press. 

3)  Selenium-Containing  Nicotinic  Acid  Hydroxylase  from  Clostridium  barker!. 

Gregory  L,  Dilworth.   3rd  International  Symposium  on  Selenium  in  Biology 
and  Medicine,  in  press. 

4)  Reconstitution  of  Mesophilic  Microbial  Associations  which  Ferment 

Cellulose  to  various  Products.   G.  L.  Dilworth,  J.  Wiegel, 

L.  Ljungdahl  and  H.  D.  Peck.  International  Symposium  on  Blomass 

Conversion,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  investigation  is  to  extend  studies  demonstrating  the  effects 
of  the  protein,  glutamine  synthetase  (GS) ,  on  the  visible  spectrum  of  the  dye 
Cibacron  Blue  F3GA.  Four  chromatographically  distinct  subfractions  of  Cibacron 
Blue  have  been  isolated.  The  difference  spectra  obtained  when  each  of  these  sub- 
fractions  binds  to  taut,  relaxed,  or  subunit  forms  of  GS  clearly  differ  from  eaci 
other  and  can  be  displaced  by  addition  of  ADP  to  the  dye  plus  enzyme  sample. 
Incubation  of  one  of  the  dye~subfractions  with  GS  results  in  an  altered  different^e 
spectrum  with  time  which  can  no  longer  be  displaced  by  ADP.  Time-dependent 
changes  in  the  visible  dye  spectrum  are  obtained  upon  dissociation  of  the~p'rotei)i 
in  urea  with  differences  seen  for  GS-27^  and  GSj^-.  These  changes  can  be  corre- 
lated with  light  scattering  data  obtained  under  the  same  conditions.  An  aromati 
spectral  perturbation  is  obtained  in  the  standard  \jrea  dissociating  system.  A 
method  is  described  for  quantitating  aromatic  amino  acid  residues  in  intact 
denatured  proteins  using  second  derivative  UV  spectroscopy. 
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Project  Description  and  Backgroiind 


Previous  studies  by  others  have  shown  that  the  dye,  Cibacron  Blue  F3GA 
(structure  shown  below) ,  can  be  used  for  probing  the  nucleotide  binding  sites 
in  certain  proteins . 

o       lOAi. 


The  measurement  of  dye  versus  dye  plus  enzyme  spectrum  for  various 
kinases  and  dehydrogenases  yields  a  characteristic  difference  spectrum  with 
a  positive  maximum  at  660-680  nm.   The  observed  difference  spectrum  is  lost 
upon  displacing  the  dye  from  the  nucleotide  binding  site  by  the  addition  of 
ADP  to  the  dye  plus  protein  sample. 

Escherichia  coli  glutamine  synthetase  is  a  multisubunit  enzyme  which  re- 
quires the  nucleotide,  ATP,  in  its  catalytic  formation  of  glutamine  from 
glutamic  acid  and  NH3.   Several  structural  forms  of  the  protein  are  knov/n  to 
exist  and  have  been  studied  in  this  laboratory.   Removal  of  divalent  cations 
from  the  native  (taut)  forms  of  GS  converts  the  enzyme  to  a  relaxed  (cata- 
lytically  inactive)  configuration  that  is  characterized  by  exposure  of  sulf- 
hydryl  groups  and  a  shift  of  aromatic  amino  acid  residues  from  a  hydrophobic 
to  a  hydrophilic  environment.   Also,  at  high  pH  (>  8.5)  or  in  the  presence  of 
urea,  the  relaxed  enzyme  is  dissociated  to  subunits  of  50,000  molecular 
weight.   It  is  the  scope  of  this  investigation  to  explore  the  interaction  of 
Cibracron  Blue  F3GA  with  these  three  known  structural  forms  of  glutamine 
synthetase. 

Summary  of  Major  Findings  from  1979 

The  protein,  glutamine  synthetase,  affects  the  visible  spectrum  of  the 
dye  Cibacron  Blue  F3GA.   A  characteristic  dye  difference  spectrum  is  obtained 
with  the  native  (taut)  form  of  the  protein  having  a  maximum  at  640  nm  and  a 
minimum  at  700  nm.   When  the  dye  binds  to  the  relaxed  and  subunit  foimis  of 
the  protein  (two  other  structural  forms  of  GS) ,  the  spectra  obtained  differ 
from  each  other  and  clearly  differ  from  the  characteristic  spectrum  obtained 
with  the  native  (taut)  GS.   Thus,  three  different  structural  forms  of 
glutamine  synthetase  yield  distinctly  different  difference  spectra  in  the 
presence  of  Cibacron  Blue  F3GA.   Initially,  samples  of  Cibacron  Blue  F3GA 
were  obtained  from  commerical  sources  and  used  without  purification.   However, 
TLC  of  the  dye  in  various  solvent  systems  demonstrated  at  least  six  (possibly 
eight)  distinct  siibfractions  of  the  dye  present  in  commercial  preparations. 
Four  of  the  major  subfractions  of  Cibacron  Blue  F3GA  were  resolved  and 
purified  using  preparative  silica  gel  columns . 
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I 

8  2/ 

0.84  ±  .01 

II 

_  1/ 

0.80  ±  .03 

III 

35  2/ 

0.75  ±  .02 

IV 

57  2/ 

0.71  ±  .03 
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Current  Major  Findings  1980 

A.   Characteristics  of  Isolated  Dye  Subfractions .   Four  major  subfr ac- 
tions of  the  dye  were  isolated  as  stated  previously  using  preparative  silica 
columns  and  an  ethyl  acetate/1-butanol  solvent  system.   Rechromatography  of 
the  isolated  fractions  demonstrated  that  each  of  the  four  components  were 
chromatographically  homogeneous.   Estimates  of  the  content  of  each  subfraction 
in  the  crude  dye  mixture  can  be  obtained  from  the  yields  obtained  from  the 
silica  gel  columns. 

K  X  10~^ 

1.4 
1.64 
1.9 
2.6 

—  Solvent  system  =  THF/H2O  48:7.   Mixing  experiments  with  the  above 
fractions  confirmed  that  they  are  indeed  chromatographically  separate  and 
nearly  homogeneous  entities  with  no  further  species  formed  during  mixing  or 
chromatographic  separation. 

2/ 

—  Obtained  from  Ciba  Geigy. 

3/ 

—  Present  in  trace  amounts  in  samples  obtained  from  Ciba  Geigy; 

present  and  isolated  in  larger  quantities  from  Pierce  Chemical  Company  dye 
samples. 

The  difference  spectra  obtained  when  each  of  these  subfractions  binds  to 
taut,  relaxed,  and  subunit  forms  of  GS  clearly  differ  from  each  other  in 
shape  and  amplitude,  implying  differences  in  their  interaction  with  each  of 
the  structural  forms  of  glutamine  synthetase.   Immediate  addition  of  concen- 
trated ADP-Mn  solutions  to  the  dye  plus  enzyme  sample  results  in  a  loss  of 
the  observed  difference  spectrum,  indicating  interaction  of  the  dye  at  the 
nucleotide  binding  site  in  the  protein.   From  these  experiments,  a  dissoci- 
ation constant  for  the  GS-dye  complex  for  each  respective  fraction  can  be 
calculated  as  shown  in  the  table  above.   However,  when  further  experiments 
were  performed  to  obtain  dissociation  constants  (e.g. ,  spectral  titrations, 
sedimentation)  a  good  agreement  with  the  above  results  is  not  obtained.   This 
can  probably  be  explained  by  the  phenomenon  of  dye  stacking  which  has  been 
shown  to  occur.   This  was  demonstrated  by  studying  the  concentration  dif- 
ference spectrum  of  the  dye.   Using  a  sample  of  the  dye  in  a  0.5  cm  path 
length  cell  and  a  1:10  dilution  of  that  sample  in  5.0  cm  path  length  cell, 
results  in  a  difference  spectrum  implying  that  a  concentration  dependent 
process  is  occurring.   The  amplitude  of  this  difference  spectrum  varies  with 
the  concentration  of  dye  used;  a  sigmoidal  shaped  curve  was  generated  for 
this  effect  with  dye  concentrations  ranging  from  8.0  yM  to  150  \iM.      These 
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results  suggest  that  any  method  used  for  determination  of  dissociation  con- 
stants employing  determination  of  free  dye  concentrations  (e.g.,  spectral 
titration)  will  be  affected  by  the  concentration  dependent  dye  stacking  which 
has  been  observed. 

B.   Use  of  the  Dye  to  Monitor  Reactions  and  Structural  Changes  in  GS. 
Immediate  addition  of  3.0  mM  ADP-Mn  to  peak  fraction  I  +  GS  results  in  nearly 
a  total  loss  of  the  observed  difference  spectrum.   However,  when  serial 
additions  of  ADP-Mn  are  used  a  point  is  reached  when  you  can  no  longer  dis- 
place the  difference  spectrum  with  very  high  levels  of  ADP-Mn.   This  phenom- 
enom  was  explained  by  inciibation  of  peak  I  +  GS  and  scanning  the  spectra  with 
time.   A  time-dependent  spectral  change  was  obtained  in  which  the  maximum 
was  altered  from  666  nm  to  638  nm  with  an  isobestic  point  at  646  nm  and  a 
t  1/2  of  ~  100  minutes  (under  conditions  of  ~  80%  saturation  of  GS  with  peak 
I) .   After  the  completion  of  the  reaction  (~  5  hours) ,  addition  of  1.7  mM 
ADP-Mn  resulted  in  no  loss  of  the  difference  spectrum.   Apparently,  incuba- 
tion of  this  peak  fraction  with  GS  results  in  an  altered  form  of  the  dye 
protein  complex  in  which  the  dye  can  no  longer  be  displaced  by  the  addition 
of  nucleotide.   This  is  not  observed  for  the  other  three  fractions  isolated. 
It  is  noteworthy  that  this  dye  fraction  corresponds  chromatographically  with 
a  fraction  reported  by  other  workers  to  inactivate  phosphoglycerate  kinase. 

Other  time-dependent  spectral  changes  are  observed  in  the  visible  dye 
spectriam  by  dissociating  the  protein  in  urea  (these  changes  are  slower  than 
those  observed  by  dissociating  the  relaxed  enzyme  with  high  concentrations 
of  base) .   Incubation  of  the  native  protein  at  pH  7.8  at  urea  concentrations 
ranging  from  2.9  to  4.0  M  in  a  standard  dissociating  system  (15-20  pM  GS 
subunits,  35  mM  Hepes,  100  mM  KCl,  100  yM  dye,  1  mM  MnCl2)  results  in  time- 
dependent  changes  at  several  wavelengths.   The  rate  of  the  reaction  is  slower 
for  E^Tg-  as  compared  to  E-jj--   1"  addition,  a  considerable  lag  time  is  observed 
for  the  reaction  with  ^2.6   ^^^  ^^   dependent  on  urea  concentration.   However, 
no  lag  time  in  the  visible  dye  spectral  changes  is  observed  with  Eyj-  at  urea 
concentrations  higher  than  3.0  M  (where  a  ~  40  minute  lag  time  with  E-^— g-  is 
obtained) . 

At  an  intermediate  urea  concentration  (3.42  M) ,  there  is  a  differential 
loss  of  enzyme  activity  with  Epp  losing  more  activity  as  a  function  of  time 
than  Ey-— .   Inclusion  of  dye  in  the  incubation  results  in  an  increase  in  the 
extent  or  the  inactivation  for  both  forms  of  the  protein.   Incubation  of  the 
protein  (Ey-r")  in  the  standard  dissociating  system  minus  dye  (3.3  M  urea) 
results  in  time-dependent  changes  at  X  290.2,  280,  and  286  implying  that  an 
aromatic  perturbation  is  obtained  upon  dissociation  of  GS  in  urea.   However, 
no  lag  time  is  observed  in  these  ultraviolet  spectral  changes  which  can  be 
stopped  by  the  addition  of  MnCl2  or  the  reaction  driven  to  completion  by  the 
addition  of  EDTA.   Light  scattering  in  the  standard  system  shows  a  slow 
exponential  decrease  in  scattering  which  can  be  correlated  with  changes  in 
the  visible  dye  spectrum  under  the  same  conditions.   No  reaggregation  was 
observed  during  the  course  of  the  light  scattering  experiments.   Taken 
together,  the  light  scattering  experiments  and  the  loss  of  activity,  both 
indicate  that  the  GS  dodecamer  is  dissociating  under  the  standard  conditions 
used.   This  dissociation  is  characterized  by  an  aromatic  perturbation  and  can 
be  monitored  by  changes  in  the  visible  dye  spectrum  of  Cibacron  Blue  F3GA. 
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No  conclusive  explanation  has  been  obtained  as  yet  for  the  lag  time  observed 
in  the  dye  mediated  dissociation  reaction. 

C.   Further  Notes  on  Purification  of  Cibacron  Blue  F-tjGA.   Elemental 
analysis  of  peak  fractions  II  and  III  resulted  in  considerable  discrepancy 
as  compared  to  the  calculated  values  (for  C,  H,  and  N) .   This  indicates  that 
although  chromatographically  homogeneous  these  fractions  are  not  analytical- 
ly pure.   Determination  of  the  molar  extinction  coefficient  for  fraction  IV 
results  in  a  value  of  12.3  mM"-'--   Further  purification  of  fraction  III  by 
passage  over  Dowex  50  followed  by  titration  with  NaOH  (3  equivalents  of  acid 
groups  titrated/mole)  resulted  in  a  value  for  E  =  11.43  mM~l  for  this  dye 
fraction  (literature  value  for  unfractionated  dye  E  =  13.6  mM~l) .   Further 
attempts  at  purification  of  the  dye  in  reverse  phase  Ci8  hydrophobic  HPLC 
systems  using  various  solvent  systems  (pH  8.0  ammonium  bicarbonate-MEOH; 
H20-MeOH;  ion  pairing  pic  A  reagent-MeOH)  resulted  in  no  improvements  in  the 
resolution  of  the  unfractionated  dye  as  compared  to  silica  chromatography. 
These  results  indicate  that  it  is  perhaps  the  ionic  properties  of  the  dye 
fractions  which  dictate  their  chromatographic  behavior  and  separation. 

Proposed  Course  of  Action 

1.  Further  investigation  of  the  dye  mediated  dissociation  of  glutamine 
synthetase  in  urea  with  particular  emphasis  on  determining  what  process  is 
responsible  for  the  lag  time  observed. 

2.  Use  of  one  of  the  major  subfractions  of  the  dye  to  monitor  the  dis- 
sociation of  the  protein  as  compared  to  the  presently  reported  studies  with 
unfractionated  dye. 

3.  Further  characterization  of  the  time-dependent  spectral  change  ob- 
served by  incubation  of  fraction  I  with  glutamine  synthetase  including 
studies  of  effects  on  enzyme  activity  followed  by  exhaustive  dialysis  and  gel 
electrophoresis  in  denaturing  systems.   Investigate  the  possibility  that  this 
is  a  photochemical  reaction. 

4.  Investigate  the  influence  of  metabolic  effectors  on  dye  mediated 
spectral  changes  for  the  various  reactions  described. 

5.  Further  characterization  of  the  chemical  differences  between  the  dye 
fractions  isolated. 

Collaborative  Work 

I  have  collaborated  with  Dr.  R.  L.  Levine  developing  a  method  for 
quantitating  aromatic  amino  acids  in  denatured  proteins.   This  work  is  based 
on  the  observation  that  the  ultraviolet  absorption  proteins  for  all  proteins 
can  be  accounted  for  by  the  three  aromatic  amino  acids  (tyrosine,  tryptophan, 
and  phenylalanine)  plus  contributions  from  cystine  and  light  scattering. 
Quantitation  of  these  residues  from  the  spectrum  of  the  intact  protein  was 
achieved  using  second  derivative  UV  spectroscopy  (which  eliminates  interfer- 
ences from  cystine  and  light  scattering) .   This  treatment  aids  in  the 
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partitioning  of  the  protein  spectrum  into  each  of  the  separate  components 
and  the  heights  in  derivative  spectra  are  proportional  to  concentration.   In 
addition,  a  microprocessor  assisted  spectrophotometer  was  used  which  computes 
the  relative  concentration  for  each  compound  present  in  a  multi component 
mixture  by  comparison  to  known  standards. 

The  accuracy  of  the  method  requires  that  the  spectra  of  the  standards 
used  match  the  spectra  for  the  corresponding  residues  within  the  protein. 
The  N-acetyl  ethyl  esters  of  the  amino  acids  are  commonly  used  as  standards. 
This  is  adequate  for  phenylalanine  as  judged  by  comparison  to  rabbit  parval- 
bumin  (contains  9  Phe  and  no  Tyr  or  Trp) .   However,  the  spectra  of  tyrosine 
and  tryptophan  residues  in  proteins  denatured  in  6  M  guanidine  HCl  are 
slightly  red  shifted  compared  to  model  compounds  in  the  same  solvent.   Solvent 
perturbation  of  the  tryosine  derivatives  by  55%  methanol  improves  them  as 
standards  (judged  by  a  comparison  to  a  protein  with  no  Trp) .   The  spectrum 
of  tryptophan  from  mellitin  (contains  no  Phe  or  Tyr)  was  used  as  a  standard 
for  this  amino  acid.   Analytical  results  were  obtained  using  the  following 
standards:   N-acetyl  phenylalanine  ethyl  ester  in  6  M  guanidine  HCl;  N-acetyl 
tryosine  ethyl  ester  in  55%  MeOH;  spectrum  of  tryptophan  from  mellitin. 
Results  obtained  for  a  number  of  sequenced  proteins  are  within  4%  error  of  the 
expected  values  even  for  a  heme  containing  protein. 

Publications 
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We  have  used  Escherichia  coli  strains,  which  carry  the  gene  encoding  the  uri- 
dylyltransf erase  enzyme  in  a  ColEl  hybrid  plasmid,  to  obtain  elevated  amounts  of 
this  protein.   Strain  JA200/pLC  38-39,  previously  shown  to  produce  uridylyltrans- 
ferase  (UT)  and  uridylyl-removing  (UR)  enzymes  at  levels  25-fold  those  found  in 
the  wild  type  strain,  was  used  to  purify  these  two  activities  to  homogeneity. 
Copurif ication  of  these  two  activities  throughout  the  procedure  indicated  that  tl- 
UT-UR  enzyme  is  bifunctional  in  nature .   Molecular  weight  determination  in  poly- 
acrylamide  gels  showed  UT-UR  to  be  110,000  in  size.   The  enzyme  is  composed  of 
a  single  subunit.   Results  from  gel  filtration  and  gel  electrophoresis  steps 
indicate  that  the  protein  oligomerizes  readily. 
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Project  Description 

Objectives:   The  immediate  objective  of  this  project  is  the  purification 
and  characterization  of  the  uridylyltransferase  enzyme  of  the  covalent  modi- 
fication cascade  of  glutamine  synthetase  in  Escherichia  coli.   The  long-range 
objective  remains  the  detailed  biochemical  characterization  of  the  components 
of  this  cascade  system.   Such  characterization  requires  obtaining  significant 
amounts  of  the  four  proteins  involved  (e.g. ,  Pjj  regulatory  protein, 
adenylyltransf erase,  and  UT'UR)  in  purified  form.   The  present  purification 
of  UT'UR  may  enable,  for  the  first  time,  the  in  vitro  study  of  the  interac- 
tion among  all  these  proteins,  their  effectors,  and  their  action  on  the 
adenylylation-deadenylylation  of  glutamine  synthetase. 

Major  Findings 

A.  Purification  of  UT'UR.   The  UT-UR  enzyme  has  been  purified  utilizing 
the  following  procedure:   (1)  use  of  a  plasmid-containing  strain  which  over- 
produces the  enzyme  giving  an  effective  purification  of  25-fold;  (2)  a  poly- 
ethylene glycol  precipitation;  (3)  chromatography  on  DEAE-cellulose;  (4)  a 
Matrix  Blue  gel  A  column;  and  (5)  separation  in  a  sephacryl-300  column.   The 
last  step  gives  rise  to  homogeneous  protein.   Due  to  the  very  unstable  nature 
of  UT-UR,  great  variability  is  obtained  in  calculating  recovery  for  these 
steps.   Thus,  it  is  not  really  meaningful  to  express  the  exact  fold  purifi- 
cation, or  to  attempt  to  give  an  accurate  percent  recovery  for  the  above  pro- 
cedure.  However,  the  approximate  purification  of  UT-UR  obtained  by  these 
steps  is  about  5, 000- fold. 

For  purification  of  UT-UR,  E_^  coli  cells  were  grown  on  a  minimal  medium 
(Vogel-Bonner)  with  0.4%  glucose  as  carbon  source  and  with  ammonia  (17  mM) as 
the  nitrogen  source.   The  medium  was  supplemented  with  0.3  mM  each  of 
tryptophan,  threonine,  and  leucine  to  satisfy  the  amino  acid  requirement  of 
this  strain.   During  efforts  to  optimize  the  yield  of  cells  grown  for  this 
purification,  it  was  found  that  although  the  specific  activity  of  UT-UR  on 
cells  grown  in  rich  medium  (medium  supplemented  with  1%  yeast  extract)  is 
identical  to  that  of  cells  grown  on  minimal  medium,  the  rich  medium  grown 
cells  yielded  preparations  of  UT'UR  that  cannot  be  successfully  purified  by 
the  above  procedure.   The  significance  of  this  finding  has  not  been  pursued. 

B.  Preliminary  Characterization  of  UT-UR  Enzyme.   Studies  of  the  post- 
sephacryl-300  fraction  in  4  to  20%  gradient  native  polyacrylamide  gels  showed 
a  single  protein  band  which  migrates  at  a  position  corresponding  to  a 
molecular  weight  of  100,000  to  110,000. 

SDS  polyacrylamide  gels  at  this  same  homogeneous  fraction  showed  a  single 
band  which  migrates  at  a  position  corresponding  to  a  molecular  weight  of 
100,000.   Since  this  molecular  weight  is  essentially  the  same  as  that  obtained 
on  native  gels,  it  showed  that  UT  is  composed  of  a  single  monomer  of  100,000 
molecular  weight. 

Previous  genetic  evidence  had  suggested  that  the  uridylyltransferase  and 
uridylyl-removing  activities  may  be  the  action  of  a  single  enzyme  or  enzymic 
complex.   Mutant  strains  in  E^  coli,  Salmonella,  and  Klebsiella  with  a  lesion 
in  the  glnD  locus  have  always  been  found  to  lose  both  activities  simultaneous- 
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ly,  and  the  revertants  of  these  mutants  always  regain  both  activities 
simultaneously.   However,  since  there  has  been  conflicting  biochemical  evi- 
dence (see  Francis  and  Engleman  (1978)  Arch.  Biochem.  Biophys.  191:590-601) 
which  reported  differential  inactivation  of  UT  and  UR,  the  existence  of  two 
separate  activities  in  a  single  polypeptide  has  never  been  conclusive. 

Assays  of  the  uridylyl-removing  activity  at  each  step  of  the  purification 
of  UT  has  shown  that  the  two  activities  copurify.   Furthermore,  the  known 
inhibition  of  UR  activity  by  CMP  remains  constant  throughout  the  purification. 
These  results  estabished  conclusively  that  a  single  polypeptide  possesses  both 
UT  and  UR  activity. 

Proposed  Course  of  Action 

Studies  on  the  effects  of  different  metabolism  on  the  UT-UR  enzyme  will 
be  carried  out  using  the  pvirified  UT-UR  (see  reference) .   New  steps  such  as 
a  newly  reported  affinity  column  in  which  the  a-ketoglutarate  analogue  3-(R,S)- 
3-bromo-2-ketoglutarate  is  linked  to  an  agarose  col\rain  [Hartman,  F.  C. ,  Fed. 
Proc.  39^,  1980)  will  be  tried  in  order  to  facilitate  the  purification  and/or 
increase  the  yields  of  UT-UR  obtained  during  our  purification. 

The  effects  of  a-ketoglutarate  and  glutamine  on  both  the  uridylylation 
and  deuridylylation  reaction  of  UT-UR  will  be  examined  directly.   These  two 
metabolites  are  known  to  affect  the  adenylylation-deadenylylation  reaction  of 
ATase  (the  second  cycle  of  the  cascade) ,  but  the  effects  on  the  first  cycle 
(viridylylation-deuridylylation)  have  never  been  directly  measured. 

Studies  on  the  stabilization  of  UT-UR  will  be  carried  out  subsequently. 
The  enzyme  is  very  unstable  at  low  protein  concentrations.   There  is  a  pos- 
sibility that  addition  of  some  purified  Pji  protein  or  other  pure  protein, 
easily  separable  from  UT-UR  may  stabilize  UT-UR  and/or  inhibit  its 
polymerization.   When  enough  quantitation  of  UT-UR  is  obtained,  AA  analysis 
of  the  enzyme  will  be  carried  out,  and  Ab  against  the  protein  will  be  used. 
This  will  facilitate  stricter  quantitation  of  the  levels  of  UT-UR  present  in 
the  cell,  and  it  will  help  in  the  analysis  of  mutants  lacking  components  of 
the  covalent  modification  of  glutamine  synthetase. 

Publications 

Garcia,  E.,  Federici,  M.M.,  Rhee,  S.G.,  and  Berberich,  M.A. :   Glutamine 
Synthetase  Cascade:   Enrichment  of  Uridylyltransf erase  in  Escherichia  coli 
Carrying  Hybrid  ColEl  Plasmids .   Arch.  Biochem.  Biophys.  203,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  =  underline  keywords) 

To  Study  the  cascade  mechanism  control  of  glutamine  synthetase  (GS)  under  con- 
ditions that  well  approximate  the  in  vivo  situation,  Escherichia  coli  cells  have 
been  made  permeable  to  only  small  molecules. 

The  GS  activity  in  permeabilized  cells  (but  not  in  untreated  cells)  can  be 
measured  in  situ  by  means  of  the  same  procedure  used  for  measuring  activity  of 
the  soluble  enzyme.   In  addition  to  GS,  the  permeabilized  cells  retain  all  the 
protein  components  involved  in  modification  of  GS  and  therefore  are  able  to 
catalyze  the  adenylylation  and  deadenylylation  of  GS^  in  situ. 

This  interconversion  responds  to  alterations  in  concentration  of  ATP,  UTP,  Pi, 
Mg"^"*"  and  allosteric  effectors  (a-ketoglutarate  and  glutamine)  as  predicted  by 
the  earlier  in  vitro  studies  with  cell- free  systems. 
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Project  Description 

Objectives:   Escherichia  coli  glutamine  synthetase  is  regulated  by  the 
covalent  attachment  and  removal  of  5 '-AMP  residues  from  each  of  the  enzyme's 
12  subunits.   This  adenylylation  and  deadenylylation  process  which  has  been 
extensively  studied  iri  vitro  is  regulated  by  a  complex  cascade  mechanism 
control. 

The  primary  objective  of  this  project,  as  stated  in  the  1979  Annual 
Report,  is  to  study  the  process  under  conditions  closely  resembling  the 
physiological  state  of  the  cell.   The  approach  described  here,  making  use 
of  peirmeabilized  E^  coli  cells,  has  shown  it  to  be  a  useful  means  of 
studying  the  GS  regulatory  system  in  situ. 

Major  Findings 

A.  Permeabilization  of  E.  coli  cells.   The  preferential  permeabilization 
of  E_^  coli  cells  to  small  molecules  has  been  obtained  by  treating  the  cells 
with  Lubrol  WX  after  a  freeze-thaw  cycle.   The  freezing  is  essential  to  obtain 
peirmeabilization,  and  stationary  phase  Ej_   coli  W  was  frozen  as  a  pellet  in 
liquid  nitrogen  and  thawed  when  used.   The  time  course  of  permeabilization 
has  been  followed  at  37 "C  at  different  detergent  concentrations.   Both  the 
rate  and  the  final  extent  of  permeabilization  are  not  significantly  affected 
by  using  more  than  1  mg/ml  of  Lubrol. 

The  routine  permeabilization  conditions  which  give  good  reproducibility 
in  the  permeabilization  of  cells  are:   cells  at  a  final  0.0.550  -  40,  1  mg/ml 
Lubrol  WX,  and  10  mM  MgCl2  in  50  mM  2-methylimidazole  buffer  (pH  7.2)  con- 
taining 1  mM  of  2-mercaptoethanol  for  90  minutes  at  37 "C.   Under  these  con- 
ditions, between  80-90%  of  the  total  GS  activity  can  be  detected  directly 
on  the  permeabilized  cells. 

The  presence  of  10  mM  MgCl2  during  permeabilization  apparently  reduces 
the  extent  of  nucleic  acid  catabolism  without  significant  influence  on  the 
permeability. 

The  Lubrol  treatment  does  not  affect  the  GS  activity  which  can  be  re- 
covered on  the  permeabilized  cells  almost  completely.   Less  than  5%  of  the 
GS  activity  is  detectable  on  the  permeabilizing  mediimi  after  treatment  with 
the  detergent,  and  no  significant  leakage  occurs  by  keeping  the  permeabilized 
cells  in  buffer  at  0-4°C  for  4  hours.   Less  than  6%  of  several  enzymes 
(glutamate  dehydrogenase,  purine  nucleoside  phosphorylase,  adenosine  phos- 
phorylase,  thioredoxin)  tested  is  released  into  the  suspending  buffer 
during  the  permeabilization.   The  y-glutamyltransf erase  activity  in  permeabil- 
ized cells  shows  the  same  dependency  on  the  concentration  of  ADP  (in  the  sus- 
pending buffer)  as  does  the  enzyme  in  crude  homogenates. 

B.  Adenylylation  and  Deadenylylation  of  Glutamine  Synthetase.   The 
state  of  GS  adenylylation  in  permeabilized  cells  can  be  varied  by  suspending 
the  cells  in  buffer  containing  various  concentrations  of  metabolites  and 
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divalent  cations  that  are  known  to  affect  the  activity  of  purified 
adenylyltransf erase. 

The  adenylylation-deadenylylation  reactions  can  be  arrested  by  cooling     , 
the  cell  suspension  to  0°C,  and  can  be  permanently  stopped  either  by  sonication  I 
at  0  to  4°C,  or  by  inhibition  of  the  adenylyltransf erase  by  incubation  with 
0.5  mg/ml  of  cetyltrimethylammonium  bromide  (CTAB)  for  30  minutes  at  0°C. 
These  findings  allow  manipulation  of  the  cells  after  treatment  with  substrates 
and  effectors  of  the  GS  cascade  mechanism  control,  and  thus  measurement  in 
situ  of  the  GS  state  of  adenylylation.   The  steady-state  level  of  adenylyla- 
tion  of  GS  in  permeabilized  cells  of  E_^  coli  W  grown  in  5  mM  glutamine  as  the 
sole  nitrogen  source  responds  to  variations  in  the  extracellular  concentration 
of  a-ketoglutarate  and  glutamine  as  predicted  by  the  theoretical  analysis  and 
the  in  vitro  results  of  a  monocyclic  cascade  system  (Stadtman,  E.R.  and 
Chock,  P.B.  (1978)  Curr.  Topics  Cell.  Regul.  13^,  53-93;  Rhee,  S.G.,  Park,  R., 
Chock,  P.B.,  and  Stadtman,  E.R.  (1978)  Proc.  Natl.  Acad.  Sci.  USA  75 , 
3138-3142) . 

The  level  of  the  substrates  of  the  adenylyltransf erase,  ATP,  and  Pi  also 
affect  the  steady-state  level  of  the  GS  adenylylation.   The  role  of  ATP  as 
allosteric  effector  in  the  deadenylylation  reaction  which  was  reported 
earlier  in  the  in  vitro  system  has  been  observed  in  permeabilized  cells  after 
ATP  depletion  by  arsenate. 

The  state  of  adenylylation  of  GS  in  permeabilized  cells  is  strongly 
affected  by  the  Mg"*""^  concentration.   Under  both  adenylylating  and  deadenylyla- 
ting  conditions,  the  metal  ion  is  required  to  modify  the  adenylylation  level 
of  GS. 

The  deadenylylation  of  GS  in  permeabilized  cells  grown  in  10  mM  glutamine 
as  the  sole  nitrogen  source  is  activated  by  UTP .   Since  the  Pn  protein  in 
cells  grown  in  10  mM  glutamine  would  be  expected  to  be  in  the  Pjjj^   form 
(deuridylylated) ,  the  UTP  dependence  of  deadenylylation  probably  represents 
the  uridylylation  of  Pji  by  UTase. 

While  the  activation  by  UTP  persists  after  removal  of  UTP  when  cells  are 
subsequently  manipulated  at  pH  7.2,  the  incubation  of  the  same  UTP  activated 
cells  at  pH  8.6  with  proper  effectors,  deactivates  the  system  and  undergoes 
the  deadenylylation  process  again  dependent  on  UTP. 

These  findings  are  consistent  with  a  previous  report  (Francis,  S.F.  and 
Englemann,  E.G.  (1978)  Arch.  Biochem.  Biophys.  191,  602-612),  since  pH  8.6 
is  the  optimum  pH  for  the  UR  activity  and  a  condition  in  which  the  inhibition 
by  both  pyrimidine  and  purine  mononucleotides  are  10  times  lower  than  at 
pH  7.6. 

Escherichia  coli  cells,  grown  in  5  mM  glutamine  as  the  sole  nitrogen       | 
source,  in  which  the  starting  GS  level  of  adenylylation  is  relatively  low 
(n  =  3),  are  unaffected  by  the  UTP  treatment.   The  deadenylylation  reaction 
in  these  cells  occurs,  in  fact,  in  both  the  absence  and  presence  of  UTP,  and 
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for  reasons  not  yet  understood,  this  happens  also  after  treatment  favoring 
the  deuridylylation  of  the  Pjj  protein. 

Proposed  Course  of  Research 

The  different  responses  obtained  from  the  cells  grown  in  5  and  10  mM 
glutamine  as  the  sole  nitrogen  source  to  the  UTP  treatment  is  at  present 
the  only  result  which  cannot  easily  be  explained  on  the  basis  of  the  in 
vitro  studies. 

The  immediate  objective  of  this  research  is  to  explain  these  results. 
Several  hypothesis  will  be  tested  (e.g. ,  the  UTase-UR  system  is  destroyed 
during  the  permeabilization  of  the  5  mM  glutamine  grown  cells;  either  an 
inhibitor  of  the  UR  activity  is  present,  or  an  activator  is  involved  in 
these  cells) . 

Moreover,  the  conditions  to  better  control  the  UTP-dependent 
deadenylylation  in  permeabilized  cells  grown  in  10  mM  glutamine  as  the  sole 
nitrogen  source  will  be  studied.   The  results  should  give  more  information 
on  the  functioning  in  situ  of  the  first  cycle  of  the  GS  cascade  control 
mechanism. 

Publications 

Stadtman,  E.R. ,  Mura,  U. ,  Chock,  P.B.,  and  Rhee,  S.G.:   The  interconvertible 
enzyme  cascade  that  regulates  GS  activity.   In  Palacios,  R. ,  Meister,  A., 
Cohen,  P.P.,  (Eds.):  Proceedings  of  the  Meeting  on  Glutamine:   Metabolism, 
Enzymology,  and  Regulation,  Mexico  City,  1979,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Two  enzymes ,  a  cyclic-AMP-dependent  protein  kinase  and  a  phosphoprotein  phospha- 
tase, have  been  purified  to  near  homogeneity  from  bovine  heart.   A  suitable  sub- 


strate has  been  sought  so  that  the  kinetics  of  a  monocyclic  cascade  system  can  be 
defined  and  understood.   Three  potential  substrates  have  been  purified  for  this 
purpose.   Histone  HI  was  purified  to  homogeneity,  but  was  found  to  activate  the 
protein  kinase.   Attempts  to  modify  the  Hi  and  eliminate  this  activation  effect 
were  only  partially  successful.   Consequently,  the  use  of  HI  had  to  be  abandoned. 
A  different  protein  with  one  phosphorylatable  site  is  liver  pyruvate  kinase.   This 
enzyme  was  purified  from  beef  liver,  but  could  not  be  phosphorylated;  the  reason 
for  this  is  not  yet  clear.   Human  erythrocyte  pyruvate  kinase  was  also  partially 
purified  as  a  potential  substrate  for  the  phosphorylation-dephosphorylation  cascadfe 
While  this  work  was  in  progress,  a  novel  substrate  was  discovered;  the  20,000 
dalton  light  chain  of  chicken  gizzard  myosin.   In  order  to  assess  the  applicability 
of  this  to  a  model  cascade  system,  and  because  it  may  be  important  in  the  regula- 
tion of  smooth  muscle  contraction,  the  protein  chemistry  and  kinetics  of  myosin 
light  chain  phosphorylation  by  protein  kinase  were  characterized. 
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Project  Description 

Objectives:   To  synthesize  a  well  defined  in  vitro  cyclic  cascade  system 
which  can  be  used  to  test  the  kinetic  equations  and  predictions,  which  have 
been  developed  in  this  laboratory,  describing  such  intracellular  systems. 
Phosphorylation-dephosphorylation  of  a  protein  substrate  has  been  chosen  as  a 
model  cascade  system. 

Major  Findings 

It  was  found  that  the  20,000  Dalton  myosin  light  chain  has  one  phos- 
phorylatable  site  identical  to  that  phosphorylated  by  myosin  light  chain 
kinase,  and  that  the  protein  was  a  suitable  substrate  for  both  the  cAMP- 
dependent  protein  kinase  and  phosphoprotein  phosphatase  previously  purified. 
These  results  are  currently  being  prepared  for  publication. 

Proposed  Course  of  Action 

Now  that  a  suitable  substrate  for  the  protein  kinase  and  phosphoprotein 
phosphatase  has  been  found,  experiments  will  be  carried  out  to  quantify  the 
kinetic  variables  and  test  the  equations  used  to  define  a  steady-state 
condition. 

Publications 
None. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  quinone-dependent  phosphatase  was  previously  purified  to  homogeneity 
from  Clostridium  sticklandii.   The  recent  observations  that  32p  could  be 
cleaved  from  both  [32p]  phosphocasein  and  [-^^p]  phosphohistone  suggest  that 
the  natural  substrate  of  this  enzyme  is  a  bacterial  phosphoprotein.   After 
selective  removal  of  the  phosphatase  from  crude  C^.  sticklandii  extracts  by 
passage  over  a  quinone  affinity  column,  the  resulting  preparations  were 
labeled  with  32p  ^^d  surveyed  as  substrate  for  the  phosphatase. 
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Project  Description 

1.  To  isolate  and  identify  the  natural  substrate  of  the  bacterial  qulnone 
dependent  p-nitrophenylphosphatase . 

2.  Test  the  ability  of  the  purified  phosphatase  to  interact  with  the 
glycine  reductase  system  and  serve  as  alternate  acceptor  for  the  phosphate 
that  is  esterif led  concomitant  with  glycine  reduction.   In  the  in  vito 
system  with  ADP  as  the  phosphate  acceptor,  ATP  is  formed.   If  direct  inter- 
action with  the  phosphatase  occurs  it  would  suggest  that  the  phosphatase 
normally  acts  as  a  phosphate  carrier  in  some  cases  such  as  an  energy- 
dependent  membrane  transport  system,  a  regulatory  system  involving  protein 
phosphorylation  and  dephosphorylation,  etc.   In  such  a  system  a  protein 
bound  phosphate  ester  might  be  required  as  substrate  rather  than  ATP. 

Major  Findings 

(1)  Preparations  of  [^^P]  Histone  type  II  As  from  calf  thjraius  which  had 
been  phosphorylated  with  [y^^p]  ATP  by  Rabbit  muscle  protein  kinase  type  II 
was  tested  as  a  possible  substrate  for  the  menadione-dependent  phosphatase 
from  Clostridium  sticklandli.   Labeled  phosphate  was  released  from  the 
[32p]  Histone  in  the  presence  of  the  phosphatase.   This  observation,  along 
with  earlier  results  which  showed  that  the  menadione  dependent  phosphatase 
can  hydrolyze  [-^^P]  casein,  suggest  that  peptide  containing  0-phosphoserine 
or  0-phospho  threonine  might  be  the  natural  substrate  of  the  phosphatase. 

(2)  Crude  extracts  of  C^.  sticklandii  which  had  been  specifically  freed  of 

a  menadione-dependent  alkaline  phosphatase  by  passage  over  a  quinone  affinity 
column  were  reacted  with  [y  P]  ATP.   When  the  -^^P-labeled  extract  protein 
was  chromatographed  and  tested  as  substrate  for  the  purified  phosphatase, 
-^2p  liberation  was  observed. 

Proposed  Course  of  Action 

(1)  The  selenoprotein  of  the  glycine  reductase  complex  is  considered  a 
likely  component  of  the  system  that  might  undergo  phosphorylation  and 
further  attempts  will  be  made  to  phosphorylate  this  protein  either 
enzjrmically  or  chemically.   An  S-phosphocysteine  residue  on  this  protein 
is  chemically  reasonable  and  might  serve  as  a  substrate  for  the 
phosphatase. 

(2)  Peptides  containing  serine  and  or  threonine  residues  will  be   p 
labelled  and  tested  in  order  to  determine  the  degree  of  specificity  for 
the  hydrolyzable  phosphate  ester  linkage.   Other  well-characterized 
phosphoproteins  will  also  be  tested. 

(3)  The  bacterium  Clostridium  sticklandii  will  be  grown  in  media 
containing  32p  inorganic  phosphate  and  cell  free  extracts  made  and 
analyzed  for  phosphate  incorporation. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


8-Hydroxy-5-deazaflavin-dependent  NADP  reductase  catalyzes  a  direct  H-transfer 
reaction  between  8-hydroxy-5-deazaf lavin  cofactor  and  nicotinamide  dinucleo- 
tide  phosphate.   Stereochemistry  of  this  reaction  is  determined  as  S-specific 
with  respect  to  nicotinamide  dinucleotide  phosphate. 


PHS-6040 
(R«v.  10-76) 


99 


Project  No.  ZOIHL  00235-02  LB 


Project  Description 

The  formate-NADP  oxidoreductase  system  present  in  extracts  of 
Methanococcus  vannielii  catalyzes  the  following  overall  reaction: 


i 


HCOOH 


8-OH-5dFl 


8-OH-5dFlH, 


NADPH  +  H 

5-deazaf lavin- 
NADP+  reductase 

NADP''' 


The  aim  of  this  project  is  to  study  the  mechanism  and  stereochemistry  of 
the  reaction  catalyzed  by  the  5-deazaf lavin-NADP'''  reductase  and  to  study 
properties  of  the  5-deazaf  lavin-NADP"''  reductase. 

The  abbreviations  used  are:   8-OH-5dFl,  8-hydroxy- 5-deazaf lavin  cof actor; 
8-0H-5dFlH2,  l,5-dihydro-8-hydroxy-5-deazaf lavin  cof actor; 
5-deazaf lavin-NADP+  reductase,  8-hydroxy-5-deazaf lavin-dependent  NADP"*" 
reductase. 

Major  Findings 

5-deazaf lavin-NADP  reductase  catalyzes  the  reaction: 


I 


^o 


■N 


o 


H^f\    O 


■N 


NH, 


8-OH-5dFlH^ 


(I) 


NADP 


+ 


8-OH-5dFl 
(II) 


NADPH 


For  the  forward  reaction,  the  pH  optimum  is  7.9  with  a  50%  activity  at 
pH  6.9  which  is  the  pKa  value  of  the  N-1  position  of  8-0H-5dFlH2. 
The  reverse  reaction,  however,  shows  a  pH  optimum  at  4.8  and  a  50%  activity 
at  pH  6.3,  which  is  the  pKa  value  of  the  8-OH  function  of  8-OH-5dFl. 
These  observations  indicate  that  the  N-1  anion  (I)  and  the  neutral  molecule 
(II)  are  the  reacting  species  for  the  forward  and  reverse  reactions, 
respectively. 
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The  evidence  for  a  direct  H-transfer  process  catalyzed  by  the  enzyme  is 
furnished  by  result  of  reacting  (5R,S^)-[5-3H]8-OH-5dFlH2  and  NADP+.   At  the 
completion  of  the  reaction  49%  of  ^H  was  found  in  NADPH  and  48%  in 
8-OH-5dFl.   The  stereochemistry  of  the  direct  H-transfer  process  was  studied 
as  follows : 

1)  The  purified  [4--^H] NADPH  from  the  above  experiment  was  oxidized  either 

by  a  4S^  or  a  4R-specific  enzyme.   Results  of  these  experiments 
suggested  that  the  [4-3H]NAr)PH  enzyme  product  is  (4S^)-[4-3h]NADPH. 

2)  The  reduction  of  8-OH-5dFl  with  either  4S^  or  4R-[4-^H]NADPH  in  the 

Presence  of  5-deazaflavin-NADP"^  reductase  showed  that  the  transfer  of 
H  occurred  only  between  (4S^)-[4-3h]NADPH  and  8-0H-5dFl  producing 
[5-3H]8-OH-5dFlH 

These  results  show  that  the  stereochemistry  of  the  direct  H-transfer  for 
both  forward  and  reverse  reactions  is  ^-specific  (or  B-specific)  with 
respect  to  nicotinamide  dinucleotide  phosphate. 

+ 
5-Deazaflavin-NADP  reductase  contains  2  gram  atoms  of  Zn  per  mole, 

half  of  which  is  readily  removed  with  a  concomitant  loss  of  50%  of 

enzymatic  activity. 

Proposed  Course  of  Action 

(1)  Further  studies  of  physical  and  chemical  properties  of 
5-deazaflavin-NADP"'"  reductase. 

(2)  The  mechanism  and  the  stereochemistry  of  the  reaction  catalyzed 
by  the  formate-NADP"^  oxidoreductase  system  will  be  studied. 

Publications 

Yamazaki,  S.  and  Tsai,  L. :  Properties  of  8-hydroxy-5-deazaf lavin-dependent 
NADP"^  reductase  from  Methanococcus  vannielii.  Abs.  490  71st  American 
Society  of  Biological  Chemists  Meeting,  June  1-5,  1980. 

Yamazaki,  S.  and  Tsai,  L. :   Purification  and  properties  of  8-hydroxy-5- 
deazaf lavin-dependent  NADP"^  reductase  from  Methanococcus  vannielii. 
C1980)  J.  Biol.  Chem.  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Glutamate  dehydrogenase  (GDH)  and  lysine-sensitive  aspartokinase  (AKIII)  are  in- 
activated in  Escherichia  coli  cells  starved  for  ammonia  or  glucose.   Inactivation 


of  GDH  and  AKIII  is  blocked  in  relA  mutants  during  ammonia  starvation,  but  occurs 
normally  in  cya  (cAMP-def icient)  and  deg  (degradation-deficient)  mutants. 

Immunochemical  assays  indicate  that  both  GDH  and  AKIII  are  degraded  during  inacti 


vat ion.   No  fragments  of  either  enzyme  have  been  positively  identified  in  immuno- 


precipitates  obtained  during  degradation,  but  deg  mutants  do  accumulate  at  least 
one  lower  molecular  weight  peptide  that  binds  to  an  anti-GDH  antibody  colvmin. 

Purified  GDH  is  highly  resistant  to  proteolysis  by  proteases  such  as  trypsin, 
chymotrypsin,  subtilisin,  and  thermolysin.   When  NADPH  is  present  at  10-200  yM, 
GDH  is  rapidly  degraded  by  these  same  proteases.   Proteolysis  in  the  presence  of 
NADPH  can  be  prevented  by  a-ketoglutarate,  glutamate,  and  numerous  other  anionic 
GDH  is  stable  in  crude  extracts  of  Ej_  coli  prepared  by  several 

GDH  in  cells  permeabilized  with  toluene  undergoels 


metabolites 

methods,  with  or  without  NADPH 


a  slight  (10-30%)  and  variable  loss  of  activity  which  is  dependent  on  NADPH. 
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Project  Description 


Objectives;   In  growing  cells,  proteins  containing  amino  acid  analogs 
(abnormal  proteins) ,  incomplete  proteins  (nonsense  fragments) ,  and  free  sub- 
units  of  multimeric  proteins  (e.g. ,  ribosomal  subunits)  are  rapidly  degraded, 
but  most  native  proteins  are  stable.   In  starving  cells,  degradation  of  the 
various  denatured  proteins  continues,  and,  in  addition,  many  normal  proteins 
begin  to  be  degraded.   The  changes  in  the  proteolytic  system  or  in  the  native 
proteins  that  are  responsible  for  the  increased  degradation  of  normal  proteins 
in  starving  cells  are  not  known. 

The  primary  objectives  of  this  project  are:   (1)  to  define  the  steps,  in 
particular,  the  initial  step,  in  the  degradation  of  a  native  enzyme;  (2)  to 
determine  the  mechanism  of  regulation  of  the  degradation  of  a  native  enzyme; 
(3)  to  identify  the  components  of  the  degradative  system  responsible  for 
degradation  of  native  proteins. 

Major  Findings 

Of  the  18  enzymes  examined  in  ammonia- starved  E^  coli ,  glutamate  dehydro- 
genase (GDH)  and  lysine-sensitive  aspartokinase  (AKIII)  were  most  rapidly  in- 
activated.  Inactivation  of  GDH  (~  35%/hour)  and  AKIII  (~  20%/hour)  coincides 
with  the  increase  in  general  protein  turnover  (~  4%/hour)  that  occurs  in 
ammonia-starved  cells.   That  inactivation  of  GDH  and  AKIII  is  prevented  when 
protein  degradation  is  blocked  (e.g. ,  by  chloramphenicol,  azide,  PMSF)  suggests 
(but  does  not  prove)  that  loss  of  activity  of  the  enzymes  results  from  degra- 
dation.  Inactivation  of  GDH  and  AKIII  does  not  occur  during  ammonia  starva- 
tion in  relA  mutants  in  which  protein  turnover  is  also  blocked.   These 
results  may  indicate  only  that  inactivation  of  these  enzymes  and  increased 
degradation  of  cell  protein  are  favored  by  the  same  physiological  conditions. 

Direct  immunoprecipitation  of  GDH  and  AKIII  from  crude  cell  extracts 
using  antibodies  prepared  against  the  purified  enzymes  demonstrated  that  both 
GDH  and  AKIII  were  degraded  in  cells  during  or  following  inactivation.   The 
recovery  of  enzyme  protein  was  determined  after  immunoprecipitation  from  ex- 
tracts of  cells  that  had  been  labeled  with  ^h- leucine  and  chased  with  cold 
leucine  during  the  starvation  period.   Following  separation  of  the  immuno- 
precipitates  on  SDS  gels,  recovery  of  radioactivity  in  GDH  was  consistently 
lower  than  recovery  of  activity,  indicating  that  the  GDH  subunit  is  degraded 
(or  drastically  altered)  very  rapidly  during  inactivation.   The  lower  recovery 
of  radioactive  protein  mostly  likely  resulted  from  continued  synthesis  of  the 
GDH  during  the  chase  with  unlabeled  leucine.   Initial  determinations  of  the 
recovery  of  radioactivity  in  AKIII  indicated  that  inactive  AKIII  accvmiulated 
during  inactivation;  that  is,  degradation  was  slower  than  inactivation.   Sub- 
sequent measurements  have  not  produced  the  same  result,  and  it  is  most  likely 
that  degradation  proceeds  rapidly  upon  inactivation.   Whether  there  is  an 
inactivation  step  prior  to  degradation  of  AKIII  is  still  an  open  question 
(see  Niles,  E.G.  and  Westhead,  E.W.  (1973)  Biochemistry  12,  1723-1729) . 
Attempts  to  detect  covalent  modification  of  AKIII  by  measuring  incorporation 
of  32p  (in  any  metabolic  form)  into  AKIII  showed  less  than  .01  moles  ^^p  pgj- 
mole  of  subunit  in  AKIII  isolated  from  cells  during  ammonia  starvation. 
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Proteolytic  fragments  of  a  protein  would  not  necessarily  be  recovered  in 
direct  immunoprecipitates,  and,  in  fact,  immunoprecipitates  of  GDH  or  AKIII 
from  cells  contain  only  the  intact  siibunits  and  no  lower  molecular  weight 
peptides.   When  cell  extracts  were  passed  through  affinity  columns  composed 
of  anti-GDH  or  anti-AKIII  antibodies  covalently  coupled  to  Sepharose  4B, 
several  lower  molecular  weight  peptides  were  isolated.   The  peptides  appeared 
during  the  period  of  degradation  and  declined  when  the  enzymes  were  nearly 
completely  degraded.   The  amount  of  these  peptides  bound  to  anti-GDH  antibody 
was  higher  in  deg  mutants  which  are  deficient  in  the  degradation  of  abnormal 
proteins,  but  which  inactivate  GDH  at  the  same  rate  as  wild  type  cells.   The 
identity  of  these  peptides  as  degradation  products  of  GDH  remains  to  be 
established. 

Escherichia  coli  cells  that  have  been  washed  and  frozen  retain  the 
ability  to  inactivate  GDH  when  shaken  in  buffer  lacking  an  ammonia  source. 
GDH  is  stable,  however,  in  cell  extracts  prepared  by  a  variety  of  techniques. 
Thus,  rupturing  cells  causes  the  inactivation,  inhibition,  or  excessive  di- 
lution of  components  necessary  for  GDH  inactivation  and  degradation.   Attempts 
to  inactivate  GDH  in  cells  permeabilized  with  toluene  have  given  mixed  results. 
Incubation  of  permeabilized  cells  at  30°C  in  the  presence  of  NADPH  results  in 
the  loss  of  10-30%  of  the  GDH  in  30  minutes.   The  control,  with  no  NADPH 
present,  shows  no  loss  of  GDH.   This  result  is  highly  variable,  however,  and 
degradation  of  GDH  under  these  conditions  has  not  been  shown.   The  lability  of 
AKIII,  which  is  generally  more  labile  in  cell  extracts  and  permeabilized  cells, 
has  not  been  studied  in  vitro  in  any  detail. 

The  properties  of  purified  GDH  in  the  presence  of  substrates  and  ligands 
may  provide  a  model  of  how  degradation  of  GDH  is  regulated.   Purified  GDH  in 
the  absence  of  ligands  is  highly  resistant  to  proteolysis  when  tested  with 
trypsin,  chymotrypsin,  subtilisin,  thermolysin,  or  pronase.   Low  concentrations 
of  NADPH  (10-200  pM)  cause  GDH  to  become  highly  susceptible  to  degradation, 
and  GDH  can  be  protected  from  this  effect  by  a-ketoglutarate,  glutamate,  and 
numerous  other  anionic  compounds.   Only  NADPH  has  been  found  to  destabilize 
GDH;  no  other  compounds  tested  —  most  notably  NADP,  NAD,  NADH,  or  nucleo- 
tides —  has  the  effect  on  the  enzyme. 

The  mechanism  by  which  NADPH  destabilizes  GDH  is  not  known.   NADPH  is 
not  consumed  during  the  incubation.   At  high  concentrations  of  GDH,  NADPH 
does  not  cause  a  change  in  light  scattering  and  therefore  probably  does  not 
cause  association  or  dissociation  of  the  enzyme.   An  NADPH  induced  conforma- 
tional change  is  suggested  by  a  perturbation  of  the  ultraviolet  spectrum  of 
the  enzyme  and  by  the  exposure  of  one  sulfhydryl  group  to  rapid  reaction  with 
dithiobis- (nitrobenzoic)  acid.   At  low  concentrations  of  GDH,  NADPH  results 
in  the  rapid,  irreversible  loss  of  GDH  activity.   Many  anionic  metabolites 
prevent  NADPH-dependent  inactivation  of  GDH,  but  much  less  protection  is  ob- 
tained with  amino  acids  and  other  amines. 

GDH  is  not  inactivated  by  ascorbate  under  conditions  in  which  E.  coli 
glutamine  synthetase  is  rapidly  inactivated.   Treatment  of  GDH  with  ascorbate, 
NADH,  phenazine  methosulfate,  or  ferrous  iron  does  not  increase  susceptibility 
of  GDH  to  proteolysis  by  trypsin  or  subtilisin.   High  concentrations  (100  mM) 
of  H2O2  inactivate  GDH,  alter  its  migration  in  SDS  gels,  and  make  it  highly 
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susceptible  to  proteolysis.   Although  GDH  is  not  highly  sensitive  to  oxida- 
tive or  reductive  inactivation,  such  a  step  in  the  inactivation  of  the  enzyme 
in  vivo  cannot  be  ruled  out  at  this  time. 

Relevance  to  Biomedical  Research 

Metabolic  regulation  is  accomplished  in  part  by  control  of  enzyme  levels 
which  in  turn  are  determined  by  the  sum  of  synthesis  and  degradation  of  the 
enzymes.   Clearly,  the  degradation  of  enzymes  must  be  regulated,  since  uncon- 
trolled degradation  would  be  harmful  and  wasteful.   It  is  known  that  altera- 
tions in  the  degradative  systems  are  part  of  the  physiological  consequences 
of  starvation  and  aging,  and  of  such  diseases  as  diabetes  and  muscvilar 
dystrophy.   In  addition,  selective  degradation  of  proteins  may  be  important 
during  viral  infections  and  during  cellular  def ferentiation. 

In  most  cases ,  the  degradative  systems  of  cells  are  incompletely  under- 
stood.  Very  little  is  known  concerning  the  initiation  and  control  of  degra- 
dation of  individual  enzymes.   Since  protein  turnover  in  E_^  coli  shares  at 
least  two  important  features  with  turnover  in  mammalian  cells,  i.e. ,  selec- 
tivity and  energy  dependence,  Ej_   coli  is  a  convenient  model  system  in  which 
to  study  this  process. 

Proposed  Course  of  Action 

1.  Attempts  will  be  made  to  isolate  larger  quantities  of  the  lower 
molecular  weight  proteins  that  bind  to  the  anti-GDH  antibody  affinity  column. 
If  larger  quantities  can  be  obtained,  procedures  such  as  end-group  analysis 
and  peptide  mapping  will  be  used  to  establish  their  identity  of  degradation 
products  of  GDH. 

Mutants  lacking  one  or  several  peptidases  will  also  be  examined  to  see 
if  degradation  products  of  GDH  or  AKIII  accumulate  during  inactivation. 

2.  Several  in  vitro  systems  for  the  degradation  of  proteins  have  been 
described  in  the  literature  recently.   One  or  more  of  these  systems  can  be 
tested  for  its  ability  to  inactivate  and  degrade  GDH  or  AKIII.   Degradation 
alone  can  be  tested  by  using  GDH  inactivated  with  NADPH. 

3.  Efforts  to  obtain  a  permeabilized  cell  system  capable  of  degrading 
GDH  or  AKIII  will  be  continued. 

4.  Further  studies  of  the  effect  of  NADPH  on  GDH  will  be  conducted. 
Ultracentrifugation  will  give  a  more  sensitive  measure  of  molecular  weight 
changes.   Additional  tests  can  be  made  if  the  altered  exposure  of  reactive 
residues  e.g. ,  lysines,  arginines,  histidines,  tryptophans,  or  others.   The 
individual  steps  in  the  degradation  will  be  analyzed  to  determine  if  one 
specific  site  is  exposed  upon  NADPH  binding. 

Publications 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Hyperbilirubinemia  is  probably  the  most  frequent  disease  which  is  diagnosed 
and  treated  in  the  human  newborn.   Current  treatment  attempts  to  prevent 
neurologic  damage.   Treatment  is  based  on  the  theory  that  free  (unbound) 
bilirubin  is  the  toxic  fraction  of  the  total  bilirubin  pool.   Proof  of  this 
theory  is  lacking,  and  certain  clinical  and  experimental  findings  are  not 
consistent  with  the  theory.   Another  hypothesis  better  explains  the  available 
data:   bilirubin  enters  the  brain  bound  to  albumin  when  the  blood- brain 
barrier  opens.   This  hypothesis  is  amenable  to  experimental  testing. 
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Project  Description 

Introduction 

Bilirubin  is  an  end-product  of  heme  metabolism  in  mammals.   In^  vitro, 
bilirubin  is  very  toxic  to  cells  and  to  cellular  components  such  as  mito- 
chondria.  The  biochemical  basis  of  the  toxicity  has  not  been  established. 

Hyperbilirubinemia  is  probably  the  most  commonly  diagnosed  and  treated 
medical  problem  of  newborn  humans.   The  purpose  of  treatment  is  to  avoid 
transport  of  bilirubin  into  the  brain.   If  transport  and  deposition  occur, 
they  lead  to  devastating  neurologic  damage  and  the  syndrome  of  kernicterus . 

Major  Findings 

A  critical  review  of  neonatal  jaundice  was  undertaken.   I  found  that 
virtually  all  medical  thinking  is  based  on  the  premise  that  free  bilirubin 
(i.e. ,  non-albumin  bound)  is  the  toxic  fraction  of  the  total  pool.   Yet  no 
evidence  is  available  to  establish  this  as  fact.   Further,  virtually  nothing 
is  known  about  the  mechanism  of  transport  of  bilirubin  across  the  blood-brain 
barrier . 

Many  experimental  and  clinical  findings  appear  inconsistent  with  the 
free  bilirubin  theory  of  transport  and  toxicity.   A  new  hypothesis  was  pro- 
posed:  Under  certain  conditions,  the  blood-brain  barrier  opens  —  sometimes 
reversibly.   If  this  occurs  in  the  presence  of  hyperbilirubinemia,  then 
albumin- bound  bilirubin  will  gain  access  to  the  brain  substance.   This 
hypothesis  can  explain  virtually  all  of  the  clinical  and  experimental 
characteristics  of  kernicterus. 

Significance  to  Biomedical  Research 

Current  treatment  of  neonatal  hyperbilirubinemia  is  based  on  the  free 
bilirubin  theory,  an  unproven  concept.   If  this  is  not  the  mechanism  of 
transport  and  toxicity,  then  treatment  programs  will  require  detailed 
reassessment. 

Proposed  Course  of  Research 

The  major  goal  will  be  to  test  the  hypothesis  that  kernicterus  results 
when  the  blood-brain  barrier  opens  in  the  presence  of  hyperbilirubinemia. 
This  work  will  be  done  in  collaboration  with  Dr.  Stanley  Rapoport  of  the 
National  Institute  on  Aging. 

Publications 


Levine,  R.  L:   Bilirubin:   Worked  out  years  ago?  Pediatrics  64:   380-385, 
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Project  Description 

Isolation  and  characterization  of  a  selenium-containing  thiolase  from 
Clostridium  kluyveri. 

Major  Findings 

The  enzyme  thiolase  from  Clostridium  kluyveri  has  been  shown  to  exist  in 
two  forms  both  of  which  have  been  purified  to  near  homogeneity.   The  most 
active  of  these  forms  has  been  shown  to  be  a  selenium-containing  protein  by 
the  following  criteria:   coelution  of  selenium  with  thiolase  activity  after 
gel  filtration,  comigration  of  protein  and  '^Se  in  SDS-disc  gel  electropho- 
resis, comigration  of  '^Se  and  protein  showing  thiolase  activity  using  gel 
electrophoresis  under  non-denaturing  conditions.   The  tentative  identification 
of  thiolase  as  a  selenium-containing  enzyme  provides  the  first  example  of  the 
occurrence  of  selenium  in  a  non-redox  catalyst. 

The  selenium-containing  component  has  not  yet  been  characterized. 
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^TP,  2-aza-l,N-etheno-adenosine  triphosphate  and  2,2,6,6, -tetramethy 1  piperdine-1 
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indicates  that  the  biosynthetic  reaction  catalyzed  by  the  Mn-dependent  adenylylat 
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Project  Description 

Objectives;   (1)  The  cascade  control  of  glutamine  synthetase  (GS)  in 
Escherichia  coli  involves  two  types  of  reversible  covalent  modifications, 
namely,  adenylylation  of  GS  and  uridylylation  of  Pji-   Although  the  adenylyla- 
tion-deadenylylation  cycle  has  been  studied  in  detail,  studies  on  the  complete 
bicyclic  system  was  not  possible  due  to  the  unavailability  of  the  enzyme  re- 
sponsible for  the  uridylylation  (UT  enzyme)  and  deuridylylation  (UR  enzyme) . 
The  present  work  involves  the  purification  and  characterization  of  UT  and  UR 
enzyme (s).   (2)  Previously,  the  thermodynamic  and  kinetic  properties  of  un- 
adenylylated  GS  have  been  characterized.   In  an  effort  to  further  understand 
the  mechanism  of  action  of  GS,  we  are  studying  the  properties  of  the 
adenylylated  enzyme. 

Major  Findings 

( 1 )  Purification  of  Uridylyltransferase  and  Uridylyl-Removing  Enzyme 
from  E.  coli  (with  E.  Garcia) .   This  project  was  undertaken  in  collaboration 
with  Dr.  Emilio  Garcia.   For  details  on  the  purification  and  characterization 
of  UT~UR  enzyme,  see  Dr.  Garcia 's  report.   In  addition,  a  simplified  procedure 
for  the  purification  of  Pjj  protein  has  been  established.   Since  the  Pjj  pro- 
teins are  substrates  for  the  UR-UT  activities,  and  are  present  in  extremely 
low  concentrations  in  E_^  coli,  an  efficient  method  for  the  isolation  of  Pn 

is  essential  for  future  studies  on  the  UR-UT  enzyme.   It  is  also  hoped  that 
storage  of  UT-UR  in  the  presence  of  Pjj  will  improve  its  stability, 

(2)  Mechanism  of  Adenylylated  Glutamine  Synthetase  (with  G.  Ubom  and 
P.  B.  Chock) .   Prior  to  this  study,  the  catalytic  cycle  of  the  biosynthetic 
reaction  catalyzed  by  the  Mg (II) -dependent  unadenylylated  GS  had  been  eluci- 
dated by  monitoring  the  intrinsic  protein  fluorescence  change  accompanying 
substrate  binding  and  the  catalytic  reaction.   However,  due  to  a  negligible 
fluorescence  change,  a  similar  study  could  not  be  done  with  the  adenylyly- 
lated  enzyme.   In  this  study,  the  AMP  moiety  of  the  adenylylated  GS  was  re- 
placed by  a  fluorescent  analog  of  AMP,  2-aza-l,  %-etheno  AMP  (aza-AMP),  and 
by  a  spin  labeled  AMP  derivative,  2, 2,6,6~tetramethyl  piperidine-l-oxyl 
(Tempo)  AMP,  making  it  possible  to  study  this  enzyme  using  fluorometric  and 
epr  techniques, 

a.   Fluorometric  studies  on  2-aza-l,  ^N-etheno  adenylylated  glutamine 
synthetase  (aza-GS) . 

(a-1)  Characterization  of  the  aza-GS.   The  nimiber  of  aza-AMP  attached 
to  GS  determined  by  the  y-gli^tamyltransferase  assay  and  UV  spectrum  was 
9  ~  10  per  dodecamer.   Two  empirical  formulas  were  deduced  to  relate  the 
enzyme  concentration,  X  (mg/ml) ,  and  the  number  of  aza-AMP  attached  per 
dodecamer,  n,  with  absorbances  at  340,  290  and  240  nm. 

A    =  1,50  X  +  0.0625  nX  +  4.16  (A^^q  -  0.0033  nX) 

A  =  0.385  X  +  0.00917  nX  +  1,89  (A^^q  -  0.0033  nX) 

Unlike  the  unmodified  AMP,  absorption  maximum  of  aza-AMP  is  240  nm,  and  ab- 
sorption at  290  and  340  nm  is  significant. 

As  shown  in  Table  1,  the  aza-GS  exhibits  catalytic  properties  and 
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kinetic  properties  similar  to  those  of  the  naturally  adenylylated  GS. 

Table  1.   Comparison  of  the  Biosynthetic  Reaction  Catalyzed 

by  Aza-GS  and  GS— 


^^12 

Aza-GS 

0, 

.553  unit 
6.7 

+ 

0.684 
6.3 

+ 

5 
6 

1 

X  10~^  M 
X  lO"^  M 
X  10~   M 

3 

1 

.3  X  lo"^ 

5  X  lo:^ 

.3  X  10 

M 

M 
M 

Specific  activity  at  10 °C 

Optimal  pH 

Mn  supported  activity 

Mg  supported  activity 

ATP 
Km  Glu 

NH, 


{a-2)  Thermodynamic  properties.   The  fluorescence  spectrum  of  aza-GS 
exhibits  two  excitation  maxima  at  300  and  368  nm,  and  an  emission  maximum  at 
470  nm.   The  emission  quantum  yield  is  dependent  on  the  excitation  maximum 
used  and  is  sensitive  to  the  conformational  changes  induced  by  the  binding  of 
divalent  metal  ions  and  substrates,  and  by  the  fomnation  of  reaction  inter- 
mediates.  These  changes  in  fluorescence  intensity  were  used  to  monitor  the 
binding  of  substrates  to  the  Mn(II)  activated  aza-GS  for  both  the  transferase 
reaction  (ADP,  L-gln,  ASO4)  and  the  biosynthetic  reaction  (ATP,  L-glu) .   Bind- 
ing of  NH3  to  the  aza-GS  does  not  cause  any  significant  signal  changes  unless 
ATP  and  glu  are  present.   All  data  in  Table  2  were  obtained  at  pH  7.2,  20°C, 
50  mM  Hepes  buffer  containing  100  mM  KCl  and  1  mM  Mn. 

Table  2 .   Dissociation  of  the  Biosynthetic  and 
y-Glutamyl  Transfer  Substrates 


Reaction  Kdiss  ,  M 


EMn  +  ATP 

EMn- L-glu  +  ATP 

EMn -ATP  +  L-glu 

EMn  +  ADP 

EMn -L-gln  +  ADP 

EMn  +  L-gln 

EMn -ADP  +  L-gln 

EMn-AS04  +  ADP 

EMn -ADP -L-gln  +  ASO4 

EMn-AS04  +  L-gln 

EMn •AS04- L-gln  +  ADP 

EMn -ADP  +  ASO4 


-5 

b 

X 

■^"-s 

3.5 

X 

^"-3 

4 

X 

^"-4 

l.b 

X 

■^"-4 

5.2 

X 

^"-3 

1.7 

X 

^"-3 

8.9 

X 

J-"-s 

1.8 

X 

^"-4 

4 

X 

^"-3 

10 

X 

^"-6 

3 

X 

^"-4 

2.4 

X 
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The  results  in  Table  2  show  that  all  substrates  bind  randomly.   Unlike  Mg(II) 
activated  unadenylylated  enzyme,  there  is  no  synergistic  interaction  between 
L-glu  and  ATP.   In  the  y-glutamyl  transfer  system,  L-gln  antagonizes  the  bind- 
ing of  ADP  and  ASO4,  while  ADP  and  ASO4  enhance  each  other's  affinities. 

In  contrast  to  the  Mn(II)  aza-GS,  the  catalytically  inactive  Mg(II) 
aza-GS  produced  only  a  small  fluorescence  change  upon  the  binding  of  ATP  and 
L-glu,  and  no  change  upon  the  subsequent  addition  of  NH3  to  the 
Mg« aza-GS 'ATP -L-glu  complex.   This  observation  provides  direct  evidence  of 
conformational  differences  for  the  Mn(II)  and  Mg(II)  forms  of  the  adenylylated 
enzyme.   The  binding  of  two  glutamate  analogs,  L-methionine-S-sulfoximine  and 
L-methionine-R-sulfoximine  to  Mn(II)  aza-GS  was  also  examined.   Results  in- 
dicate that  both  diastereomers  bind  with  negative  cooperativity;  the  S-isomer 
with  S]_/2  =  63  pM,  nn  =  0.70  and  R-isomer  with  Sw2  =  420  yM,  n^  =  0.87. 

(a- 3)  Rapid  kinetics.   The  time  course  of  the  fluorescence  change  for 
the  tightening  of  the  divalent  metal-free  aza-GS  was  monitored.   The  results 
indicate  that  the  reaction  proceeds  with  a  very  rapid  step  followed  by  a 
relatively  slow  step  {ti/2  =  2.0  minutes  at  20°C)  for  both  Mg(II)  and  Mn(II) . 

The  fluorescence  changes  induced  by  substrate  binding  and  intermediate 
formation  were  followed  by  stopped-flow  analysis.   Nineteen  mixing  experiments 
listed  below  are  possible  for  the  biosynthetic  reaction  system  which  involves 
three  substrates  (T  =  ATP,  G  =  L-glu,  N  =  NH3) . 


(1) 

E  +  G 

(5) 

EG  +  N 

(9) 

EN  +  T 

(13) 

EN  +  GT 

(17) 

EGN  +  T 

(2) 

E  +  T 

(6) 

EG  +  T 

(10) 

E  +  GT 

(14) 

ET  +  GN 

(18) 

ETN  +  G 

(3) 

E  +  N 

(7) 

ET  +  N 

(11) 

E  +  TN 

(15) 

EG  +  TN 

(19) 

E  +  GTN 

(4) 

ET  +  G 

(8) 

EN  +  G 

(12) 

E  +  GN 

(16) 

EGT  +  N 

As  previously  mentioned  NH3  (N)  causes  neither  fluorescence  changes,  nor  pro- 
duces any  significant  effect  on  the  binding  of  the  other  substrates,  unless 
all  three  substrates  are  present.   Therefore,  reactions  3,  5,  7,  8,  9,  11, 
and  12  were  not  studied  in  detail.   All  reactions  were  performed  at  10°C  in 
50  mM  Hepes  buffer,  pH  7.2,  containing  0.1  M  KCl  and  1.0  mM  Mn.   The  mechan- 
ism of  binary  complex  formation  from  E  and  T,  and  E  and  G  could  not  be  studied 
in  detail  because  of  their  rapid  fluoresence  changes.   The  rate  of  reaction 
1  measured  at  the  excitation  wave  length  of  300  and  368  nm  was  very  rapid 
(t]_/2  =  2  msec  when  G  =  1.5  mM)  and  increased  with  increasing  concentration  of 
G.   The  signal  change  of  reaction  2  was  very  rapid  (t2^/2  "^    2  msec)  and  its  am- 
plitude was  small.   For  reactions  4,  6,  and  10,  addition  of  Glu  and  ATP  causes, 
regardless  of  the  order  of  their  addition,  a  triphasic  time-dependent  expon- 
ential change  of  fluorescence  when  excited  at  300  nm.   The  first  rapid  in- 
creased fluorescence  change  with  an  apparent  half-life  of  30  msec  was  fol- 
lowed by  a  decrease  (apparent  t]_/2  =  400  ~  600  msec)  ,  and  then  by  an  increase 
of  an  apparent  t]_/2  =  1.5  sec.   When  excited  at  368  nm,  a  biphasic  change 
involving  a  decrease  with  an  apparent  t-j_ /2  ~  400-600  msec  and  an  increase  of 
a  small  amplitude  with  an  apparent  t]_/2  =  1-5  sec  was  observed.   Addition  of 
NH3  into  EGT  (reaction  16)  caused  a  rapid  concentration-dependent  decrease 
of  fluorescence  (t^/2  =  ^2  msec  when  N  =  0.25  mM,  ti/2  =  4  msec  when 
N  =  40  mM)  ,  followed  by  an  increase  with  t]_/2  =  ^^^  msec.   Then  a  steady- 
state  phase  followed. 
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If  NH3  is  the  limiting  substrate,  the  signal  rises  slowly  again  after  a 
lag  time.   The  lag  time  increased  proportionally  when  NH3  concentration  was 
increased,  or  when  enzyme  concentration  was  decreased,  suggesting  that  during 
the  lag  time  steady-state  consumption  of  NH3  was  occurring.   The  schematic 
representation  of  the  fluorescence  change  during  a  cycle  of  catalysis  is  as 


follows: 


When  NH^^Gf-ly 


The  results  from  this  rapid  kinetic  study  indicate  that  the  biosynthetic 
reaction  catalyzed  by  the  Mn( II) -dependent  adenylylated  enzyme  proceeds 
through  a  quaternary  complex  formed  from  a  random  binding  of  ATP,  L-glu,  and 
NH3,  followed  by  four  fluorometrically  distinctive  intermediates  (In). 


Svibstrates   E -ATP' L-glu -NH 


3  V 


I, 


''T" 


r.d. s. 


E-ADP"Pi-L-gln 


The  results  obtained  from  other  reactions  (reactions  13-18)  also  support 
this  scheme.   The  rate  determining  step  in  this  cycle  is  the  conversion  of  I2 
to  I3,  which  later  reacts  with  NH3  to  give  I4 . 

Current  studies  do  not  lead  to  any  conclusion  of  the  chemical  nature  of 
the  enzyme  bound  intermediates  formed  during  the  catalytic  cycle.   However, 
various  results  obtained  from  chemical  and  isotope  exchange  studies  suggested 
that  Y-glutamyl  phosphate  and  ADP  are  formed  from  ATP  and  L-glu  before  NH3 
addition.   Therefore,  it  is  conceivable  that  two  fluorometrically  sensitive 
conformational  changes  (I]_  and  I2)  occur  before  y-glutamyl  phosphate  and  ADP 
are  foinned  in  the  rate  determining  step.   Then  NH3  reacts  with  the  y-glutamyl 
phosphate  to  produce  L-gln  and  Pi  (I4) .   Finally,  another  conformational 
change  takes  place  before  products  are  released. 

(b) .   EPR  studies  2,2,6,6-tetramethyl  piperidine-1-oxyl  (Tempo) 
adenylylated  glutamine  synthetase  (Tempo-GS) .   The  number  of  tempo-AMP 
attached  covalently  to  GS  was  7.5-8.5  when  measured  by  (i)  the  y-glutamyl- 
transfer  assay,  (ii)  the  UV  spectrum,  and  (iii)  the  AMP  fractional  inhibition. 
The  pH  profile  of  the  Mn(II) -supported  biosynthetic  activity  was  similar  to 
that  of  naturally  adenylylated  GS . 

The  correlation  time  for  tempo-GS  is  2.1  X  10"   sec  compared  to 
8.1  X  10~1°  sec  for  tempo-ATP.   This  indicates  that  the  tempo  moiety  of  the 
adenylylated  GS  is  only  slightly  immobilized.   When  Mn(II)  was  titrated  into 
the  tempo-GS,  there  was  a  progressive  decrease  in  the  amplitude  of  the  epr 
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spectrum  due  to  the  spin-spin  interaction  between  the  nitroxyl  radical  at  the 
adenylylation  site  and  Mn(II)  bound  at  n^  and  n2  sites.   The  dissociation 
constant  of  Mn(II)  to  n]^  and  n2  was  1.8  \xH   and  18  yM  when  measured  by 
equilibri\am  dialysis.   The  extent  of  the  signal  decrease  was  related  to  two 
separate  distances  Yi  ^^^   Y2'  which  represent  the  distances  between  the  bound 
Mn(II)  at  ni  and  n-,  sites  and  the  nitroxide  spin.   The  distances  y-\    and  Yo  ^re 
20  A  and  18  A,  respectively. 

When  the  same  type  of  titration  was  performed  in  the  presence  of  ADP  and 
Pi,  ATP  and  L-glu,  and  ADP  and  L-gln,  significantly  different  titration  curves 
were  generated.   Qualitative  analysis  shows  that  in  the  presence  of  various 
substrates  yi  becomes  shorter,  while  Y2  remains  constant.   Quantitative  an- 
alysis requires  determination  of  two  dissociation  constants  for  the  Mn(II) 
binding  to  n^  and  n2  sites  in  the  presence  of  the  substrates.   It  is  known 
that  the  presence  of  effectors  and  svibstrates  affect  only  the  binding  of  Mn(II) 
at  the  catalytic  site  (n2)  ,  but  not  at  the  structural  site  (n^^)  .   The  Mn{II) 
dissociation  constant  at  n2  site  was  found  to  be  3  yM  for  the  L-gln-ADP  system, 
10  yM  for  the  L-glu-ATP  system,  and  5  yM  for  the  ADP-Pi  system.   Using  these 
data  and  the  epr  titration  ciorves,  quantiative  evaluation  of  yi  and  y2  is  in 
progess. 

(3)  Adenylylation  of  Glutamine  Synthetase  with  a  Photo-Affinity  ATP 
Analog  and  Preparation  of  Antibodies  Specific  for  Aza-AMP  (with  R.  Hohman  and 
E.R.  Stadtman.   Realizing  that  fully  adenylylated  GS  contains  12  precisely 
defined  antigenic  determinants  for  AMP  specific  antibodies  and  that  the  epi- 
tope density  varies  as  the  state  of  adenylylation  changes,  Hohman  and  Stadtman 
investigated  the  interaction  between  GS  at  various  states  of  adenylylation  and 
AMP  specific  antibodies  prepared  by  immunizing  a  sheep  with  an  AMP-BSA  con- 
jugate.  Their  results  indicate  that  the  multideterminant  antigen-antibody 
interaction  is  not  simple.   Characterization  of  this  interaction  might  be 
achieved  by  using  a  sensitive  reporting  group  on  the  antigen-antibody  complex 
or  by  linking  the  antigen-antibody  complex  covalently.   The  aza-GS  is  an 
ideal  antigen  with  a  sensitive  reporting  group,  because  the  aza-AMP  attached 
to  the  active  center  of  the  antigen-antibody  interaction  shows  a  sensitive 
fluorescence  change,  and  because  its  excitation  maximum  at  368  nm  eliminates 
the  filter  effect  of  protein.   Therefore,  the  sheep  antibodies  against  the 
aza  AMP-BSA  conjugate  have  already  been  prepared.   As  a  way  to  attach  an  anti- 
body covalently  to  the  antigenic  site,  the  azido-GS  was  prepared  by  aden- 
ylylating  GS  with  a  photo-affinity  ATP  analog,  8-azido  ATP  (prepared  by 
Dr.  B.  Haley,  University  of  Wyoming) .   Further  characterization  of  this  azido- 
GS  is  in  progress. 

Proposed  Course  of  Action 

1.  With  the  purified  UT-UR  enzyme,  allosteric  effects  of  various  effec- 
tors, particularly  a-ketoglutarate,  L-gln,  ATP,  Mg(II)  and  Mn(II)  will  be 
studied.   The  complete  bicyclic  system  will  then  be  investigated. 

2.  Antibodies  specific  for  Pjjj^,    Pjid'  ^^d  UT-UR  will  be  prepared  for 
future  genetic  and  in  vivo  studies . 

3.  Formation  of  a  covalently  linked  adduct  between  the  azido-GS  and  the 
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azido-AMP  specific  antibodies  will  be  followed  at  various  protein  concentra- 
tions and  time  intervals.  The  adducts  will  then  be  separated  by  size  before 
characterization  with  the  electron  microscope. 

4.  Previous  kinetic  studies  have  suggested  that  the  adenylyltransf erase 
is  a  bifunctional  enzyme  with  adenylylation  and  deadenylylation  activities. 
Direct  support  for  this  thesis  will  be  sought  by  blocking  the  deadenylylation 
active  center  with  azido-GS  and  by  demonstrating  that  the  azido-GS-ATase 
adduct  still  can  catalyze  the  adenylylation. 

5.  Using  a  rapid  kinetic  and  light  scattering  technique,  kinetic  studies 
on  the  interaction  of  aza-GS  and  aza-AMP  specific  antibodies  will  be  pursued. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Reversed  phase  chromatography  (RPC-5)  and  reversed  salt  t 
latography  (Sepharose  4B)  have  been  set  up  recently.   A  {: 


:radient 
Se-tRNA. 


chromatography  (Seph£ 

separated  from  Pseudomonas  cells,  was  identified  as  L-leucyl-tRNA  and 
further  separated  from  its  non-selenium  containing  isoacceptors  by  RPC-5. 
A  quite  pure  seleno-tRNA  from  C.  sticklandii  was  separated  from  its  bulk 
tRNA  mixture  after  two  reversed  salt  gradient  chromatographic  steps  and  two 
reversed  phase  chromatographic  steps.   Preliminary  results  indicate  this 
seleno-tRNA  exhibits  an  unusual  absorbance  at  291  nm  which  may  be  a  contri- 
bution of  the  seleno  base  present  in  the  preparation. 
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Purpose: 


Selenium  is  found  to  be  incorporated  into  tRNAs  of  Clostridium 
sticklandii,  Methanococcus  vannielii  and  a  few  other  anaerobic  bacteria. 
This  incorporation  process  is  highly  specific  and  can  not  be  diminished 
by  excess  sulfur.   Up  to  date,  the  biological  significance  of  selenium- 
containing  tRNA  is  unknown.   In  order  to  pursue  the  nature  of  these  seleno- 
tRNAs,  it  is  necessary  to  develop  separation  methods  for  purifying  seleno- 
tRNAs  to  homogeneity. 

Proposed  Action 

(1)  Isolation  of  amino  acid-tRNA  synthetase  from  the  same  organism 

as  for  seleno-tRNA  separation.   This  is  necessary  for  the  identification  of 
tRNAs.   Isolation  from  C.  sticklandii  is  in  process. 

(2)  Purification  of  seleno-tRNA  by  the  conjunction  of  RPC-5, 
Sepharose  4B  and  DEAE  Sephadex  A-50. 

(3)  Characterization  of  the  purified  seleno-tRNA 

(a)  Identify  the  cognate  amino  acid. 

(b)  Determine  the  number  of  selenium  atoms,  or  number  of 
seleno-bases  per  seleno-tRNA. 

(c)  Characterize  and  compare  the  suspected  selenium  containing 
nucleosides  (isolated  by  HPLC  after  enzymatic  digestion) 
from  different  seleno-tRNAs. 

(d)  Study  the  effect  of  de-selenization  of  seleno-tRNA  on 
charging  activity. 

(e)  Study  the  codon-anticodon  recognition  by  ribosome  binding 
activity. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

E.  coli  contains  two  proteins  which  are  covalently  linked  to  nucleoside 
monopTTosphates  (AMP  and  IMP)  through  a  tyrosine  phosphodiester  bond.   Recently 
it  has  been  shown  that  mammalian  cells  contain  phosphorylated  tyrosine  residue 
in  proteins,  and  in  one  case  a  viral  protein  covalently  linked  to  polynucleotide 
through  a  tyrosyl  phosphodiester  bond.   Present  work  involves  the  detection  an(| 
quantitation  of  proteins  containing  either  of  these  modifications  by  special 
protein  hydrolysis  techniques  for  tyrosine  phosphate  and  specific  antibody 
recognition  for  adenylylated  and  uridylylated  tyrosine. 
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Introduction 

E.  coli  contains  two  proteins  which  are  covalently  modified  by  the 
esterTfication  of  a  tyrosyl  residue  to  the  5'-phosphoryl  moiety  of  nucleoside 
monophosphate:   Glutamine  synthetase  (AMP)  and  Pjx  (UMP)-   Recently,  it  has 
been  shown  that  mammalian  proteins  of  cells  transformed  by  oncogenic  virii 
contains  phosphorylated  tyrosine.   A  nontrans forming  related  virus  (polyoma) 
has  been  shown  to  cause  mammalian  cell  cultures  to  produce  a  viral  protein 
covalently  linked  to  polynucleotide  through  a  tyrosyl  phosphodiester  bond. 
No  technique  exists  to  date  to  quantitate  these  amino  acid  modifications. 
Thus,  a  survey  of  cells  or  tissues  for  these  modified  amino  acids  awaits  a 
simple  technique.   Glutamine  synthetase  is  a  model  protein  to  study  the 
quantitation  of  both  amino  acid  modifications. 

Major  Findings 

1)  Stability  of  phosphorylated  tyrosine  was  studied  under  conditions 
used  for  hydrolysis  of  proteins.   It  was  found  that  acidic  hydrolysis  condi- 
tions were  unfavorable  for  the  quantitation  of  tyrosine  phosphate  but  could 
be  used  to  prepare  peptides  containing  phosphotyrosine  and  sufficient  free 
phosphotyrosine  for  qualitative  detection. 

2)  Phosphorylated  tyrosine  was  found  to  be  stable  during  basic  protein 
hydrolysis  conditions.   This  technique  should  allow  a  straightforward 
methodology  for  the  detection  and  quantitation  of  tyrosine  phosphate  in 
proteins  with  the  amino  acid  analyzer. 

3)  Glutamine  synthetase  containing  adenylylated  tyrosine  was  treated 
with  a  specific  nuclease  to  yield  the  enzione  containing  phosphotyrosine. 
This  is  being  studied  as  a  model  protein  containing  phosphotyrosine  to 
determine  the  lability  of  the  phosphotyrosine  moiety  in  a  protein  and 
optimization  of  techniques  for  quantitation. 

4)  Synthesis  of  nucleotide-amino  acid  analogs.   Synthesis  of  tyrosine 
covalently  linked  through  the  phenolic  hydroxl  to  the  5'  phosphoryl  group 
of  AMP  was  tried  by  three  techniques.   None  of  them  appeared  to  yield  the 
desired  product.   Synthesis  of  nucleotide  phosphoryl  derivatives  of  lysine 
to  act  as  inhibitors  to  antibodies  against  nucleotide  lysine  adducts  appears 
promising.   The  n-butylamine-5 '-phosphoramidate  of  AMP  was  made  to  act  as  a 
competitive  inhibitor  of  antibodies  directed  against  the  lysine  epsilon  amino 
phosphoramidate  derivative  of  AMP.   The  efficacy  of  this  compound  is  being 
tested. 

5)  Specificity  of  the  Pjj  deadenylylation  reaction  was  studied  with  a 
sample  of  H-AMP-GS  which  was  metal  free  and  contained  blocked  sulfhydryl 
groups.   This  monomeric  sample  was  not  a  substrate  for  the  Pjj  catalyzed 
deadenylylation  system  demonstrating  that  tertiary  and  quaternary  structural 
requirements  are  critical  for  GS  to  be  recognized  as  a  substrate. 
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Significance  to  Blomed  Research 


The  association  of  phosphotyrosine  and  nucleotidylylated  proteins  with 
viral  infiltration  of  cells  is  poorly  understood.   The  development  of 
specific  assay  systems  based  on  using  E^.  coli  proteins  as  model  systems 
should  be  very  useful  to  elucidate  the  role  of  the  modifications. 

Proposed  Course  of  Research 

The  major  immediate  goal  is  to  develop  specific  assay  systems  for 
phosphotyrosine  and  nucleotidylyltyrosine.   Then,  a  survey  of  bacterial  and 
eucaryotic  cells  will  begin. 

Publications 

None, 
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Annual  Report  of  the 
Cardiology  Branch 
National  Heart,  Lung,  and  Blood  Institute 
October  1,  1979  to  September  30,  1980 

The  basic  areas  of  experimental  interest  of  the  Cardiology  Branch  relate 
to  the  pathogenesis,  pathophysiology  and  treatment  of  coronary  artery  disease 
and  of  hypertrophic  cardiomyopathy;   to  the  development  of  non-invasive  tech- 
niques to  assess  cardiac  structure  and  function;  and  to  the  elucidation  of 
molecular  mechanisms  responsible  for  the  contractile  function  of  the  heart. 
During  the  past  year  a  major  new  direction  of  research  has  been  launched: 
namely,  defining  1)  the  role  of  calcium  antagonist  drugs  in  the  treatment  of 
coronary  artery  disease  and  hypertrophic  cardiomyopathy,  and  2)  the  mechanisms 
of  action  responsible  for  the  beneficial  effects  of  these  drugs. 

CALCIUM  ANTAGONIST  DRUGS 
Calcium  antagonists  in  the  treatment  of  hypertrophic  cardiomyopathy  (HCM) 

Although  propranolol  is  effective  in  treating  patients  with  HCM,  many  are 
unresponsive.   The  only  alternative  therapy  in  patients  with  obstruction  is 
operation,  which  carries  a  5-10%  risk.  No  alternative  is  available  to  those 
without  obstruction.  We  hypothesized  that  myocardial  intracellular  calcium 
overload  may  be  a  possible  etiologic  mechanism  responsible  for  the  hemodynamic 
abnormalities  of  patients  with  HCM.   Last  year  we  demonstrated  that  verapamil 
decreased  LV  outflow  tract  obstruction,  improved  exercise  capacity,  and  favor- 
ably altered  the  symptomatic  status  in  19  patients  with  HCM.   This  year,  to 
assess  the  chronic  effects  of  verapamil  in  HCM,  78  patients  whose  lifestyle 
was  unacceptable  despite  propranolol  therapy  were  begun  in  hospital  on  oral 
verapamil.  Forty-two  patients  have  remained  on  verapamil  for  6  to  30  months 
(median  14  months) .   Long-term  verapamil  led  to  improved  treadmill  exercise 
duration  compared  to  in-hospital  a)  control  (+  53%;  p<.001),  b)  propranolol 
(+  32%;  p<.01),  c)  in-hospital  verapamil  (+  18%;  p<.05).  A  total  of  46% 
have  either  improved  their  functional  class  by  at  least  one  grade,  have  in- 
creased their  exercise  duration  by  15%,  or  both. 

However,  potentially  serious  complications  can  occur  as  a  result  of  ver- 
apamil's electrophysiologic  and  hemodynamic  actions.   In  our  series  of  120 
patients  started  on  oral  verapamil,  these  complications  have  included:   1) 
suppression  of  sinus  node  automaticity ,  manifested  by  sinus  bradycardia  (6%) 
or  rarely  as  sinus  arrest  (2%);  2)  inhibition  of  A-V  nodal  conduction,  oc- 
casionally leading  to  second  degree  heart  block  (5%);  3)  vasodilatation,  which 
may  lead  to  symptomatic  hypotension  (4%) .   Moreover,  the  dynamic  nature  of  the 
obstruction  to  LV  outflow  in  patients  with  obstructive  HCM  could  potentiate  the 
deleterious  effects  of  the  above  complications.   Thus,  any  complication  lead- 
ing to  hypotension  could  augment  LV  obstruction.   The  resulting  high  LV 
pressure  relative  to  the  low  coronary  perfusion  pressure  would  predispose  to 
LV  electrical  or  mechanical  instability  (8%  of  patients  developed  pulmonary 
edema) . 

Thus,  we  have  now  established  verapamil  as  an  important  drug  in  the  symp- 
tomatic treatment  of  HCM  patients.  However,  potentially  serious  complications 
can  occur  and  the  drug  must  be  used  with  caution. 
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To  determine  the  mechanisms  responsible  for  verapamil's  beneficial 
actions,  we  examined  the  effects  of  oral  verapamil  on  left  ventricular  (LV) 
systolic  and  diastolic  function  in  patients  with  HCM.   High  resolution  time 
activity  curves  derived  from  gated  Tc99m  radionuclide  angiograms  were  analyzed 
before  and  after  verapamil  therapy  in  50  patients,  of  whom  16  were  also  studied 
during  propranolol  therapy.   Systolic  function  was  normal  or  supranormal  in 
all  patients.   Diastolic  dysfunction  was  evident  in  70%  of  patients,  manifest 
by  a  decrease  in  peak  LV  filling  rate  (FR) ,  and  increased  time  to  peak  FR. 
While  verapamil  did  not  change  LV  systolic  function,  it  substantially  improved 
abnormalities  in  LV  filling.   In  contrast,  propranolol  depressed  LV  systolic 
function  and  did  not  alter  abnormalities  in  LV  filling.   Thus,  verapamil  may 
improve  exercise  capacity  by  diminishing  LV  outflow  tract  gradient,  and  by 
improving  LV  filling  abnormalities  common  to  patients  with  HCM. 

A  highly  sensitive,  reproducible  high  pressure  liquid,  chromatography 
assay  was  developed,  in  collaboration  with  Dr.  Henry  Fales'  laboratory,  to 
assess  the  potential  importance  of  plasma  verapamil  levels  (PVL)  in  guiding 
therapy  of  patients  with  HCM.   The  relation  of  PVL  to  exercise  capacity  and 
functional  status  of  70  patients  with  HCM  was  studied.   We  found  marked  (up  to 
100%)  interpatient  variability  in  PVL  at  each  dosage  studied  and  no  differ- 
ences in  PVL  between  clinical  responders,  nonresponders ,  and  patients  with 
serious  side  effects  related  to  verapamil.   Thus,  PVL  are  of  limited  useful- 
ness in  predicting  therapeutic  or  toxic  effects  in  pts  with  HCM. 

Calcium  antagonists  in  the  treatment  of  coronary  artery  disease  (CAD) 

Exercise  performance;   Propranolol  has  been  one  of  the  most  effective  drugs  in 
treating  patients  with  CAD.  However,  many  patients  are  inadequately  responsive 
to  it  and  others  suffer  from  significant  side  effects.   Clinical  studies  from 
Europe  suggest  verapamil  improves  symptoms  in  patients  with  CAD,  and  recent 
studies  in  this  country  indicate  an  important  therapeutic  role  of  calcium  anta- 
gonists in  treating  patients  with  coronary  spasm.   However,  because  no  defini- 
tive studies  are  available  concerning  the  efficacy  of  calcium  antagonists  in 
patients  with  stable  CAD  without  evidence  of  spasm,  we  determined  the  effec- 
tiveness of  oral  verapamil  alone  and  with  propranolol  in  11  such  patients  (9 
refractory  to  beta  blockers) .   Compared  to  placebo,  verapamil  (480  mg/day)  im- 
proved duration  of  bicycle  exercise  in  all  patients  (from  370  to  508  sees; 
p<.001)  and  was  more  effective  than  160  to  320  mg/day  propranolol  (385  sees; 
p<.005  vs  verapamil) .  Verapamil  plus  propranolol  further  increased  exercise 
time  (to  590  sec;  p<.01  vs  verapamil)  and  9/11  pts  (82%)  were  pain-free  during 
exercise  testing  (in  contrast  to  2/11  with  propranolol  and  1/11  with  verapamil) . 
Time  to  1  mm  ST-segment  depression  was  increased  by  both  verapamil  and  ver- 
apamil plus  propranolol.   Thus,  1)  verapamil  was  a  more  effective  anti-anginal 
agent  than  propranolol  and  2)  verapamil  plus  propranolol  provided  additional 
improvement  in  exercise  capacity  over  either  drug  alone. 

Mechanisms  of  action;  While  verapamil  decreases  HR  modestly  during  exercise, 
it  does  not  consistently  reduce  pressure-rate  product.   Hence,  the  mechanisms 
responsible  for  its  beneficial  effects  on  exercise  performance  in  patients 
with  stable  CAD  are  unclear.  However,  we  found  that  90%  of  all  patients  with 
CAD  manifest  abnormalities  in  LV  filling  (vida  infra).   Of  note,  verapamil 
improved  both  peak  filling  rate  (PFR)  and  time  to  PFR  in  9  of  the  11  patients, 
in  contrast  to  a  lack  of  change  following  propranolol.   Thus,  enhanced  LV 
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diastolic  filling  may  account  in  part  for  the  symptomatic  improvement  observed 
in  many  CAD  patients  during  verapamil  therapy. 

Negative  inotropy:   Although  in  vitro  studies  have  demonstrated  calcium  antag- 
onists have  negative  inotropic  effects,  controversy  exists  regarding  the 
magnitude  of  such  actions  in  vivo  (and  therefore  the  potential  of  these  drugs 
to  cause  cardiac  failure) .  We  found  verapamil  decreased  rest  ejection  fraction 
(EF)  from  48  to  44%  in  patients  with  CAD  (p<.02),  but  did  not  change  ejection 
rate  (ER) .   Rest  EF  decreased  >5%  in  5  of  11  patients  (45%)  on  verapamil,  and 
in  7/11  patients  (64%)  on  verapamil  plus  propranolol.   However,  no  patient 
developed  clinical  CHF  and  the  drugs  did  not  change  exercise  EF.   Thus,  in 
patients  with  reasonable  baseline  LV  function  (EF  >30%) ,  verapamil  alone  and 
with  propranolol  may  cause  mild  to  moderate  depression  of  LV  systolic  function 
at  rest,  but  not  during  exercise.   This  suggests  verapamil  does  have  the  po- 
tential for  deleterious  effect,  but  probably  only  in  CAD  patients  with  consi- 
derably reduced  EF  at  rest. 

Collateral  flow:   Verapamil  may  reduce  myocardial  damage  following  coronary 
occlusion.   To  clarify  the  effects  of  verapamil  on  coronary  and  systemic  hemo- 
dynamics, we  determined  dose-response  curves  in  8  closed  chest  dogs,  beginning 
5  minutes  after  coronary  occlusion.  Although  verapamil  increased  blood  flow 
to  nonischemic  myocardium  (even  in  doses  insufficient  to  decrease  peripheral 
vascular  resistance),  collateral  blood  flow  was  unchanged.   Thus,  in  closed 
chest  dogs  with  acute  coronary  occlusion,  verapamil  does  not  alter  perfusion 
of  ischemic  regions.   If  verapamil  is  capable  of  diminishing  infarct  size, 
then  these  results  suggest  that  it  does  so  through  mechanisms  other  than 
improving  collateral  flow. 

CORONARY  ARTERY  DISEASE 
Indications  for  coronary  artery  bypass  grafting  (CABG)  in  patients  with 
stable  CAD 

Attitudes  regarding  indications  for  CABG  in  patients  with  stable  CAD  are 
based  on  natural  history  studies  derived  largely  from  severely  symptomatic 
patients  studied  in  the  late  1960s  and  early  1970s.   These  data  indicate  an 
approximately  6-11%  annual  mortality  in  patients  with  2  or  3  vessel  disease 
respectively.   Since  post-operative  mortality  averages  about  2-5%  per  year, 
the  case  for  operating  on  all  patients  with  2-3  vessel  CAD  becomes  compelling. 
However,  during  the  past  5  years  we  have  evaluated  patients  with  CAD  who  are 
asjmiptomatic,  or  who  have  only  mild  symptoms.   Two  or  3  vessel  disease  was 
present  in  75%  of  the  137  patients  followed.   Overall  annual  mortality  in  these 
patients  has  been  only  3%.   Moreover,  despite  a  history  of  mild  symptoms,  32 
(24%)  of  the  patients  had  poor  exercise  capacity  on  objective  testing  (<100 
watts  on  the  bicycle) .   In  these  patients  annual  mortality  was  5%,  and  15%  per 
year  required  operation  for  increased  symptoms.   Of  patients  who  achieved  100 
watts  or  more,  annual  mortality  was  only  1.5%  and  only  4%/year  required 
operation  because  of  progressive  sjmiptoms.   LV  EF,  measured  at  rest  and  dur- 
ing exercise  by  radionuclide  angiography,  also  aided  in  identifying  those 
patients  at  higher  and  lower  risk  of  either  sudden, death  or  progressive 
angina.   No  patient  who  manifested  an  increase  in  EF  from  rest  to  exercise 
died  suddenly,  even  if  exercise  capacity  was  less  than  100  watts.   Moreover, 
in  patients  who  increased  EF  and  exercise  to  ^  100  watts,  no  deaths  occurred 
and  progressive  angina  developed  in  only  2%/year;  in  patients  who  did  not 
increase  EF  and  exercised  to  <100  watts,  6%/year  died  and  14%/year  experienced 
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progressive  angina.   Thus,  a  patient  with  CAD  and  no  or  mild  symptoms,  who 
demonstrates  good  exercise  capacity  and  an  increase  in  EF  from  rest  to  exercise, 
has  an  excellent  prognosis  (annual  mortality  <1.5%)  even  in  the  presence  of 
2  to  3  vessel  disease.   Given  such  results,  it  is  highly  unlikely  that  pro- 
phylactic CABG  could  enhance  survival  of  this  large  group  of  patients  with  CAD. 

Balloon  Dilatation  of  the  Coronary  Arteries    To  date  31  patients  have  under- 
gone balloon  dilatation  of  the  coronary  arteries  at  the  NIH.   Single  vessel 
CAD  was  present  in  23  patients,  2  vessel  disease  in  7,  and  dilatation  of  a 
bypass  graft  was  attempted  once.   Initial  angiographic  improvement  was  demon- 
strated in  19  (61%)  patients.  At  subsequent  follow-up  of  these  19  patients, 
lA  are  improved  and  5  developed  severe  sjmiptoms  with  documented  restenosis,  all 
of  the  latter  occurring  within  the  first  3  months.   Of  patients  deemed  to  have 
a  successful  angiographic  result,  all  were  free  of  angina  following  dilatation 
on  exercise  testing  and  all  demonstrated  an  improvement  in  exercise  EF  and 
myocardial  perfusion  scan.   Of  the  5  patients  who  developed  restenosis,  3  have 
undergone  repeat  angioplasty,  2  of  whom  improved  and  remain  so;   the  third 
developed  restenosis  after  the  second  procedure.   Thus,  we  conclude  balloon 
dilatation  can  be  performed  in  selected  CAD  patients  with  many  experiencing 
initial  and  medium  term  (6-12  months)  angiographic  and  functional  improvement. 

Abnormalities  in  LV  Diastolic  Filling   Abnormalities  in  diastolic  filling  have 
been  recognized  in  patients  with  CAD,  but  the  frequency  of  such  abnormalities 
is  unknown.   To  determine  LV  diastolic  filling  characteristics  of  patients  with 
CAD,  221  patients  were  studied  by  radionuclide  angiography.   Abnormal  LV  filling 
at  rest  (reduced  LV  PFR  or  increased  time  to  PER)  was  found  in  90%  of  all 
patients  with  CAD,  86%  of  patients  with  normal  rest  LVEF,  and  85%  of  patients 
without  ECG  Q  waves.   Thus,  diastolic  filling  is  abnormal  in  most  patients 
with  CAD  at  rest,  and  is  independent  of  abnormalities  in  LV  systolic  function. 

Sensitivity  and  specificity  of  radionuclide  cineangiography  in  CAD  patients 
without  prior  infarction    Radionuclide  (RN)  angiography  is  highly  sensitive 
in  detecting  CAD.  Many  pts  with  CAD,  however,  have  previous  AMI  with  abnormal 
LVEF  at  rest  and  with  Q  waves  on  ECG.   Inclusion  of  such  patients  in  studies 
of  LV  function  will  enhance  sensitivity  figures.   To  assess  sensitivity  and 
specificity  of  RN  cineangiography  in  detecting  CAD  in  patients  without  prior 
MI,  we  studied  141  patients  with  CAD  and  normal  rest  EF,  123  patients  without 
ECG  Q  wave,  and  50  patients  with  chest  pain  and  normal  coronary  angiograms. 
Sensitivity  in  patients  without  evidence  of  prior  MI  was  90%,  with  a  specifi- 
city of  95%.  When  abnormalities  in  diastolic  function  were  also  analyzed, 
sensitivity  increased  to  99%,  with  specificity  only  decreasing  to  90%.   Thus, 
RN  cineangiography  is  extremely  sensitive  and  specific  in  detecting  CAD,  even 
in  patients  with  normal  rest  LVEF  and  without  prior  MI . 

NHLBI  Type  II  Coronary  Intervention  Study   The  primary  aim  of  this  randomized, 
double-blind  prospective  study,  carried  out  in  collaboration  with  the  Molecular 
Disease  Branch,  is  to  determine  whether  lowering  LDL  cholesterol  with  choles- 
tyramine and  diet  in  patients  with  premature  CAD  and  Type  II  hypercholester- 
olemia, will  retard  the  progression  of  CAD.   The  major  criterion  we  will  employ 
to  answer  this  question  is  whether  there  is  regression  of  anatomic  disease  or 
evidence  of  slower  progression,  conclusions  that  will  be  based  on  coronary 
angiograms  obtained  at  initiation  into  study  and  after  5  years  of  treatment. 
By  October  1,  1980,  over  3/4  of  the  study  participants  will  have  completed 
their  5  year  studies.   All  participants  will  have  completed  the  study  by  the 
summer  of  1981. 


Proteolysis  and  Ischemic  damage  during  acute  myocardial  Infarction  (AMI) 
Biochemical,  ultrastructural,  and  immuno-histological  evidence  suggest  that 
increased  lysosomal  hydrolysis  may  play  a  causal  role  in  death  of  myocardial 
cells  that  otherwise  may  have  survived  an  acute  but  transient  ischemic  Insult. 
Furthermore,  it  has  been  suggested  that  interventions  which  stabilize  lysosomal 
enzymes,  and  thereby  interfere  with  proteolysis,  have  the  potential  to  salvage 
ischemic  myocardium  that  otherwise  would  become  necrotic.   However,  the  effect 
on  proteolysis  of  AMI,  produced  in  Intact  animals,  has  not  been  evaluated.  We 
therefore  determined  the  rate  of  proteolysis  following  acute  LAD  occlusion, 
assessed  by  determining  the  amount  of  tyrosine  produced  by  Ischemic  and  non- 
ischemic slices  of  myocardium.   In  both  dogs  and  rats  proteolysis  was  diminished 
during  AMI.   Moreover,  we  assessed  the  potential  of  leupeptin,  an  inhibitor 
of  lysosomal  and  cytoplasmic  thlol-proteases,  to  interfere  with  proteolysis 
and  reduce  the  size  of  mycoardial  Infarction.   In  rats,  leupeptin  reduced  total 
proteolysis  in  ischemic  regions.   Despite  the  reduction  of  proteolytic  activity, 
however,  Infarct  size  was  no  smaller  in  those  rats  pretreated  with  leupeptin. 
We  therefore  conclude  that  proteolysis  does  not  Increase  during  acute  myocar- 
dial infarction,  and  2)  although  proteolysis  still  occurs  during  ischemia  and 
can  be  inhibited  by  leupeptin,  such  inhibition  does  not  reduce  ultimate  infarct 
size.  These  data  suggest  that  cellular  proteases  do  not  cause  cell  death  dur- 
ing AMI,  making  it  unlikely  that  drug- induced  Inhibtion  of  proteolysis  would 
prevent  ischemic  myocardium  from  becoming  necrotic. 

Determinants  of  arrhythmic  death  due  to  coronary  spasm   Coronary  spasm  may 
occur  in  the  presence  or  absence  of  CAD,  but  whether  CAD  contributes  to  the 
likelihood  of  spasm  causing  sudden  death  is  unknown.  We  determined  the  effect 
of  pre-existing  coronary  stenosis  on  the  incidence  of  ventricular  fibrillation 
(VF)  during  reperfuslon  following  coronary  artery  occlusion.   In  20  open-chest 
dogs  an  occluder  was  placed  on  the  circumflex  coronary  artery  (CFX)  to  par- 
tially restrict  blood  flow.  We  completely  occluded  the  CFX  for  30  minutes 
then  abruptly  released  it,  leaving  the  partial  occluder  in  place.   During  re- 
perfuslon, CFX  flow  was  84%  of  baseline  in  surviving  dogs  and  156%  in  dogs 
dying  in  VF  (p<.02).   In  another  16  dogs,  the  LAD  was  gradually  occluded  by  an 
amerold  constrictor;   after  20  to  39  days,  we  abruptly  occluded  the  CFX  for 
30  minutes,  then  abruptly  reperfused.   Collateral  blood  flow  (CBF)  to  the  cir- 
cumflex bed  (measured  10  minutes  after  occlusion)  was  27%  of  normal  zone  flow 
in  dogs  dying  in  VF  at  reperfuslon,  versus  58%  in  dogs  surviving  (p<.05). 
Thus,  reperfuslon  VF  is  greater  in  dogs  1)  when  sudden  occlusion  occurs  in  ves- 
sels with  lesions  producing  minimal  obstruction  to  baseline  flow  than  when  it 
occurs  in  vessels  with  more  severe  lesions,  and  2)  when  sudden  occlusions 
occur  In  normal  vessels  supplied  with  few  collaterals  from  totally  occluded 
feeder  vessels,  than  when  collateral  flow  is  extensive.   These  results  suggest 
that  risk  of  VF  during  release  of  coronary  spasm  may  actually  be  greater  in 
patients  without  CAD  than  in  those  with  CAD, 

Inadequacy  of  coronary  collateral  blood  flow  reserve  in  myocardium  surviving 
AMI   During  nontransmural  AMI  subendocardlum  within  the  distribution  of  an 
occluded  coronary  artery  infarcts  and  subepicardium  is  spared.  While  CBF  flow 
to  surviving  eplcardlum  returns  toward  normal  at  rest,  its  capacity  to  respond 
to  stress  is  unknown.   Thus,  we  Induced  AMI  in  9  awake  dogs;  3  to  4  days  later 
we  measured  the  ability  of  spared  eplcardlum  to  Increase  flow  in  response  to 
pacing-induced  stress.  While  flow  increased  in  nonischemic  eplcardlum  from 
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1.39  to  2.89  ml/min/g,  flow  increased  in  surviving  epicardium  from  .78  to  only 
1.01  ml/min/g,  indicating  reduced  reserve  capacity  for  CBF  in  tissue  surviving 
AMI.   These  data  suggest  the  potential  for  stress  to  induce  angina,  arrhythmic 
death  or  extension  of  AMI  across  its  transmural  border  zone  in  subjects  with 
prior  AMI. 

Relation  between  Electrical  Instability  and  Myocardial  Infarction  Size 
No  direct  evidence  exists  relating  size  of  AMI  to  electrical  instability  (EI) 
several  days  later.  Moreover,  it  has  been  suggested  that  if  ischemic  myocar- 
dium is  salvaged  by  intervention  during  AMI,  the  surviving  myocardium  is 
electrically  unstable.   Data  supporting  this  hypothesis,  however,  are  lacking. 
We  therefore  studied  conscious  dogs  3  to  4  days  after  AMI.  Arrhythmic  responses 
to  ventricular  electrical  stimulation  were  determined,  and  a  score  for  EI  was 
assessed  by  the  type  of  abnormal  responses,  the  nature  of  the  stimuli  required 
to  produce  the  responses  (i.e.,  single  or  double  stimuli),  and  the  time  in 
diastole  at  which  they  could  be  elicited.   EI  correlated  directly  with  MI  size 
(r=  .96).   Moreover,  EI  was  less  in  those  hearts  with  greater  amounts  of  risk 
region  or  LV  naturally  salvaged  (R  =  -.94,  -.75).   This  was  due  mainly  to  the 
inverse  relation  between  percentage  LV  infarcted  and  percent  LV  salvaged  (R  = 
-.87).  We  conclude  that  1)   EI  determined  by  electrical  stimulation  several 
days  post-MI  increases  in  proportion  to  size  of  MI,  and  2)  LV  salvaged  by  in- 
tervention may  enhance  rather  than  reduce  electrical  stability  post-MI. 

HYPERTROPHIC  CARDIOMYOPATHY 

Distribution  of  hypertrophy  in  patients  with  HCM    HCM  is  a  disease  of  cardiac 
muscle  characterized  by  a  hypertrophied  nondilated  LV.  Morphologic  distribu- 
tion of  the  cardiomyopathic  process  was  defined  grossly  by  two-dimensional 
(2-D)  echo  in  125  patients  and  histologically  in  52  patients  at  necropsy. 
2-D  echo  showed  hypertrophy  to  be  widespread  involving  both  the  VS  and  antero- 
lateral LV  free  wall  in  54%  of  patients;  other  patients  had  hypertrophy  con- 
fined to  the  VS  or  to  the  LV  free  wall.   Patients  with  widespread  hypertrophy 
had  marked  functional  limitation  more  commonly  (60%)  than  other  patients  (24%; 
p<.001).  All  7  patients  with  cardiac  arrest  and  subsequent  survival  had  marked 
VS  and  LV  free  wall  hypertrophy.  While  myocardial  cell  disorganization  was 
most  extensive  in  VS  (mean  area  involved  36%) ,  it  was  also  marked  in  the  LV 
free  wall  (26%).  Marked  cellular  disorganization  (>5%)  was  diffuse  in  63%  of 
52  patients  and  was  most  extensive  (p<.001)  in  15  young  (less  than  25  years 
old)  patients  in  whom  sudden  death  was  the  first  manifestation  of  disease. 
Hence,  gross  anatomic  and  histologic  findings  suggest  the  cardiomyopathic 
process  in  HCM  is  usually:   1)  diffusely  distributed  throughout  the  LV  (and 
not  limited  to  VS) ;  2)  is  associated  with  marked  functional  limitation  and 
premature  sudden  death. 

Sudden  death  in  HCM    Sudden  death  is  not  a  rare  sequelae  of  patients  with 
HCM,  although  the  mechanism  of  these  catastrophic  occurrences  is  unknown. 
Our  previous  24  hour  ambulatory  ECG  monitoring  study  showed  particularly  high 
prevalance  (66%)  of  high  grade  "malignant"  (e.g.,  Lown  Grade  III  or  higher) 
ventricular  arrhythmias  in  100  patients  with  HCM.   Because  the  significance  of 
these  arrhythmias  in  identifying  patients  at  high  risk  for  sudden  death  is  not 
known,  clinical  outcome  was  followed  prospectively.   After  3  years,  15  patients 
underwent  operation  because  of  severe  symptoms.   Of  the  remaining  85,  58  (68%) 
had  had  high-grade  arrhythmias.   Five  patients  died  during  follow-up  and  in 
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"malignant"  arrhythmias  were  recorded.  However,  54/58  (93%)  of  the  patients 
with  "malignant"  arrhythmias  survived  the  three-year  follow-up  period.  We 
conclude  that  1)  high  grade  arrhythmias  are  commonly  found  in  patients  with 
HCM  by  ambulatory  ECG  monitoring;   2)  although  such  arrhythmias  appear  to 
identify  most  patients  with  HCM  at  high  risk  of  sudden  death  (e.g.,  high  sen- 
sitivity) most  patients  with  such  arrhythmias  do  well  (low  specificity) ;   3) 
therefore,  other  (as  yet  undefined)  factors  must  be  present  for  ventricular 
instability  in  patients  with  HCM  to  evolve  into  terminal  arrhythmias. 

MOLECULAR  CARDIOLOGY 

Reversible  phosphorylation  of  the  contractile  protein  myosin  constitutes 
one  of  the  major  regulatory  systems  in  smooth  muscle  and  non-muscle  cells. 
When  myosin  from  smooth  muscle  and  vertebrate  non-muscle  cells  is  phosphory- 
lated  it  can  interact  with  actin  and  smooth  muscle  contraction  or  the  equiva- 
lent in  non-muscle  cells  (motility,  cytokinesis,  platelet  secretion  etc.)  can 
take  place.  The  section  on  Molecular  Cardiology  has  continued  its  studies  in 
this  area,  emphasizing  during  the  past  year  a  number  of  different  aspects. 

Smooth  muscle  and  platelet  myosin  kinases  and  phosphotases   Phosphorylation 
plays  an  important  role  in  regulating  smooth  muscle  contraction,  as  well  as 
the  contractile  process  in  non-muscle  cell.   Two  major  muscle  proteins  undergo 
phosphorylation:  myosin  and  myosin  light  chain  kinase.   Phosphorylation  of 
smooth  muscle  myosin,  as  well  as  myosin  isolated  from  non-muscle  cells,  is  a 
prerequisite  for  actin-activation  of  the  myosin  ATPase  activity.   Myosin  which 
is  not  phosphorylated  cannot  undergo  actin-activation  and  therefore  cannot 
undergo  contraction. 

The  enzyme  which  catalyzes  phosphorylation  of  smooth  muscle  and  platelet 
myosin  (myosin  kinase)  is  inactive  in  the  absence  of  Ca2+  and  the  calcium 
binding  protein,  calmodulin.   Smooth  muscle  contraction  (and  an  equivalent  pro- 
cess in  non-muscle  cells)  is  initated  by  a  rise  in  Ca2+  which  binds  to  cal- 
modulin.  The  Ca2+  calmodulin  complex  binds  to  and  activates  myosin  kinase, 
which  catalyzes  phosphorylation  of  myosin,  resulting  in  actin-activation  of 
the  myosin  ATPase  activitiy. 

Phosphorylation  of  the  enzyme  myosin  kinase  by  cyclic  AMP  dependent  pro- 
tein kinase  results  in  a  decrease  in  myosin  kinase  activity.   It  does  this  by 
weakening  the  binding  of  myosin  kinase  for  calmodulin.   Since  a  rise  in  cyclic 
AMP  activates  protein  kinase,  phosphorylation  of  myosin  kinase  in  smooth 
muscle  and  platelets  may  constitute  one  pathway  through  which  a  rise  in  cyclic 
AMP  would  result  in  smooth  muscle  relaxation  and  the  equivalent  effect  in 
platelets . 

This  process  is  reversible  and  recently  we  have  isolated  and  purifed  from 
smooth  muscle  two  of  the  enzymes  active  in  reversing  the  phosphorylation  of 
myosin.   One  of  these  enzymes  also  catalyzes  the  dephosphorylation  of  myosin 
light  chain  kinase  and  restores  the  tight  binding  of  calmodulin  to  myosin 
kinase,  therefore  restoring  myosin  kinase  to  full  activity. 

Antibodies  to  purified  smooth  muscle  myosin  light  kinase  isolated  from 
turkey  gizzards  were  developed  in  rabbits.   Some  of  the  antibodies  were  shown 
to  inhibit  kinase  activity  and  were  further  purified  by  affinity  chromatography 
on  a  column  g  of  myosin  kinase  coupled  to  Sepharose.   The  antibodies  are 
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being  used  to  study  the  role  of  myosin  kinase  in  regulating  contraction- 
relaxation  in  smooth  muscle  and  nonmuscle  cells. 

Myosin  phosphorylation  has  also  been  shown  to  play  a  role  in  regulating 
contraction  in  striated  muscle.   In  one  of  these  muscles  found  in  the  tail  of 
the  horseshoe  crab  (Limulus) ,  phosphorylation  is  a  dominant  regulatory 
mechanism.  We  are  preparing  fragments  of  myosin  from  both  Limulus  and  gizzard 
muscle  in  order  to  decipher  exactly  what  step  in  the  contractile  process  is 
affected  by  myosin. 

Two  important  aspects  of  cardiac  muscle  contractile  proteins  are  under 
study:   1)  myosin  and  the  other  major  contractile  proteins  from  human  hearts 
are  being  characterized  by  pyrophosphate  gel  electrophoresis,  isoelectric 
focusing  and  peptide  maps.  These  results  will  be  compared  to  those  obtained 
from  similar  studies  with  cardiac  muscle  from  patients  with  hypertrophic 
cardiomyopathy  (a  genetic  disease)  as  well  as  other  diseases  of  cardiac  hyper- 
trophy.  Recent  work  has  indicated  that  cardiac  myosin  and  possibly  actin 
exists  as  isozymes  and  the  purpose  of  these  studies  is  to  see  if  different 
isozymes  may  be  expressed  differently  in  various  diseases;  2)  canine  cardiac 
myosin  kinase  is  being  characterized  from  dog  hearts.   To  date  we  have  suc- 
ceeded in  isolating  what  appears  to  be  a  fragment  of  the  enzyme  that  retains 
its  calmodulin  binding  site.   The  cardiac  kinase,  unlike  the  smooth  muscle 
kinase,  undergoes  a  Ca   calmodulin-dependent  autophosophorylation,  the  signi- 
ficance of  which  is  presently  under  study.   The  purpose  of  these  studies  is 
to  understand  how  stimulation  of  the  3-receptor  in  cardiac  muscle  results  in 
an  increase  in  contractile  activity. 
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Project  description:  Coronary  revascularization  operation  is  often  recom- 
mended  to  patients  with  coronary  artery  disease  who  are  not  severely  symp- 
tomatic on  the  assumption  that  it  will  improve  survival.  The  natural 
history  studies  on  which  this  hypothesis  is  based  were  performed  on 
patients  studied  in  the  1960's;  most  of  whom  were  severely  symptomatic. 
In  an  attempt  to  define  the  natural  history  of  patients,  all  asymptomatic 
or  mildly  symptomatic  patients  (pts)  on  medical  management  with  coronary 
artery  disease  (CAD)  admitted  to  NIH  have  been  followed  prospectively  for 
6  to  58  months  (avg.  24).  Pts  with  left  main  CAD  were  excluded.  One 
hundred  thirty  eight  pts  have  been  followed.  Double  or  triple  vessel 
disease  (D  or  TVD)  was  present  in  75%.  Ejection  fraction  was  >_55%   in  69% 
of  patients.  During  follow-up  there  have  been  6  deaths  with  an  annual 
mortality  of  (3%)  in  the  whole  group  as  well  as  those  with  D  or  TVD. 
Nineteen  of  132  survivors  had  increased  symptoms  requiring  coronary  revas- 
cularization 2  to  48  months  (avg  22)  after  entry.  Remaining  pts  are  symp- 
tomatically  stable.  Despite  a  history  of  mild  symptoms,  32  (24%)  of  the 
pts  could  not  achieve  100  watts  on  exercise  testing.  Of  these  patients, 
41%  either  died  (10%,  annual  mortality  =5%)  or  required  operation  for 
increased  symptoms  (31%).  Of  pts  who  achieved  >_  100  watts,  only  11% 
(p<.04)  either  died,  (3%,  annual  mortality  =1.5%)  or  required  operation 
for  increased  symptoms  (8%).  Thus,  patients  with  no  or  mild  symptoms,  and 
with  good  exercise  tolerance,  appear  to  have  an  excellent  prognosis 
despite  double  or  triple  vessel  disease  D.  Thus,  it  would  appear  reason- 
able to  manage  these  patients  medically  until  more  limiting  symptoms 
develop. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Myosin  light-chain  kinase  can  be  phosphorylated  by  the  catalytic  subunit  of 
cyclic  AMP-dependent  protein  kinase.  Phosphorylation  of  myosin  kinase 
decreases  the  affinity  of  this  enzyme  for  the  calcium-binding  protein 
calmodulin  by  twenty  fold.  Dephosphorylation  of  myosin  kinase  by  a  phospha- 
tase purified  from  smooth  muscle  reverses  this  effect  and  increases  calmod- 
ulin binding  to  myosin  kinase.  The  ability  of  cyclic  AMP-dependent  protein 
kinase  to  decrease  the  activity  of  myosin  light  chain  kinase,  provides  a 
direct  mechanism  for  cyclic  AMP  mediated  smooth  muscle  relaxation. 
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Project  description:  Phosphorylation  of  the  20,000  dalton  light  chain 
of  smooth  muscle  myosin  by  the  specific  enzyme,  myosin  light  chain 
kinase,  is  required  for  actin-activation  of  myosin  Mg-ATPase  activity. 
The  purified  kinase  (130,000  daltons),  which  shows  a  single  band  in  SDS 
and  urea  polyacryl amide  gel  electrophoresis  has  a  specific  activity  of 
30  mol  PO4  transferred  to  the  light  chain/mg  kinase/min  at  24°.  Enzym- 
matic  activity  is  independent  of  cAMP  but  is  completely  dependent  on 
Ca^'''(10"°M)  and  on  the  presence  of  the  ubiquitous  calcium-binding 
protein,  calmodulin  (CDR). 

When  myosin  light  chain  kinase  is  incubated  with  the  catalytic  sub- 
unit  of  cAMP-dependent  protein  kinase  in  the  absence  of  bound  Ca2+-cal- 
modulin  complex,  one  mole  of  phosphate  (from  Mg-ATP)  can  be  incorported 
per  mole  of  myosin  kinase.  Phosphorylation  of  myosin  light  chain  kinase 
decreases  the  rate  at  which  the  kinase  phosphorylates  riyosin  light 
chains  by  lowering  the  affinity  of  the  kinase  for  its  activator,  calmod- 
ulin. The  phosphorylated  kinase  has  a  20-fold  weaker  binding  constant 
for  calmodulin  than  the  unphosphorylated  kinase  (Ka2.5x  10"  and 
1.2xl0~^M,  respectively).  Phosphorylation  of  the  kinase  also  decreases 
by  50%  the  maximal  rate  (Vmax)  of  enzymmatic  activity.  When  phosphory- 
lated myosin  kinase  is  dephosphorylated  by  incubation  with  smooth  muscle 
phosphatase  I  (see  ZOl  HL  01752-OlCB)  the  affinity  of  the  kinase  for 
calmodulin  increases  to  10"^M,  a  binding  constant  equivalent  to  that  of 
the  unphosphorylated  kinase.  The  Ca2"^-dependence  of  calmodulin  binding 
to  and  activation  of  myosin  light  chain  kinase  will  be  investigated  by 
Ca^'^titration  of  the  phosphorylated  and  unphosphorylated  kinase  at 
various  calmodulin  concentrations. 

The  relationship  between  the  site  of  calmodul in-binding  and  the 
active  site  on  myosin  kinase  was  investigated  by  brief  tryptic  digestion 
of  the  kinase  in  the  presence  or  absence  of  calmodulin.  Digestion  of 
the  kinase  in  the  absence  of  bound  calmodulin  decreases  total  kinase 
activity  and  generates  a  kinase  which  no  longer  requires  calcium  for 
activity.  In  contrast,  digestion  of  the  kinase  in  the  presence  of 
calmodulin  protects  total  enzymmatic  activity  and  partially  preserves 
calcium  dependence. 
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C.B.:  Phosphorylation  of  smooth  muscle  myosin  light  chain  by  the 
catalytic  subunit  of  adenosine  3' : 5' -monophosphate  dependent  kinase.  In 
Usdin  E,  Kopin,  I.J.  and  Barchas  J.  (Eds.):  Catecholamines:  Basic  and 
Clinical  Frontier  New  York,  Pergamon  Press,  1979,  pp  992-994. 

Conti,  M.A.  and  Adelstein,  R.S.:  Phosphorylation  by  cyclic  3':5' 
-monophosphate-dependent  protein  kinase  regulates  myosin  light  chain 
kinase.  Fed.  Proc.  39,  1564-1573,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


Sixty-nine  patients  with  varying  degrees  of  aortic  regurgitation  in  either 
NYHA  Functional  Class  I  or  II  have  been  evaluated  and  are  being  followed 
prospectively  in  order  to  better  assess  the  natural  history  of  this 
disease.  Admission  studies  included  echocardiography,  rest  and  exercise 
radionuclide  angiography,  measurement  of  pulmonary  artery  wedge  pressure 
during  exercise,  and  24-hour  ambulatory  monitoring.  These  studies  should 
allow  us  to  identify  more  sensitive  indicators  of  impending  clinical 
deterioration  than  are  presently  available. 
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Project  description:  In  patients  with  aortic  regurgitation  (AR),  we  pre- 
sently  employ  the  development  of  symptoms  as  the  primary  indication  for 
proceeding  with  valve  replacement.  However,  the  results  of  operation  are 
often  less  than  optimal  in  terms  of  symptom  relief  and  long-term  survival. 
In  order  to  develop  more  sensitive  indicators  of  deterioration  of  cardiac 
function  in  asymptomatic  patients  with  AR,  extensive  clinical  and  hemody- 
namic evaluations  are  being  performed.  To  date,  77  functional  class  I  or 
II  patients  with  aortic  regurgitation  have  been  evaluated  with  echocardio- 
grams, graded  treadmill  exercise  tests,  radionuclide  cineangiograms  at 
rest  and  during  supine  exercise,  measurement  of  pulmonary  artery  wedge 
pressure  response  to  intense  supine  exercise  and  24-hour  ambulatory  moni- 
toring. The  average  follow-up  time  has  been  26  months.  This  group  has 
been  divided  into  18  asymptomatic  patients  with  mild  aortic  regurgitation, 
49  asymptomatic  patients  with  moderate  to  severe  AR,  and  10  patients  who 
have  undergone  aortic  valve  replacement  after  having  been  initially 
followed  in  the  Natural  History  Study.  These  latter  ten  were  operated  on 
either  because  of  decreasing  left  ventriclular  function  or  the  development 
of  symptoms  while  under  observation.  Only  one  patient  from  this  group  has 
died  at  this  point,  and  he  had  mild  AR,  but  significant  coronary  artery 
disease  at  the  time  of  post-mortem  examination. 

In  comparison  to  this  group,  the  same  intensive  evaluation  has  been 
carried  out  on  35  patients  who  were  referred  either  with  moderate  to 
severe  aortic  regurgitation  and  significant  symptomatology  or  evidence  of 
left  ventricular  dysfunction.  These  patients  have  had  their  aortic  valves 
replaced  and  are  being  re-evaluated  six  months  after  operation.  There 
have  been  five  deaths  in  this  group.  Three  were  at  the  time  of  operation 
and  two  occurred  within  the  first  month  of  discharge.  Both  of  these 
latter  patients  had  also  undergone  aortic  root  replacement  for  aortic  root 
disease. 

Since  the  study  has  been  initiated,  we  have  already  revised  our  indica- 
tions for  valve  replacement.  This  change  in  policy  has  resulted  not  only 
from  the  data  from  the  present  study,  but  also  from  data  obtained  on 
patients  evaluated  prior  to  initiations  of  this  study.  Valve  replacement 
is  performed  not  only  in  patients  with  significant  symptomatology,  but 
also  when  left  ventricular  systolic  function  is  compromised,  as  evidenced 
by  echocardiography  (left  ventricular  systolic  dimension  greater  than  55 
mm). 

Exercise  radionuclide  angiography  and  exercise-induced  changes  in  pulmon- 
ary capillary  wedge-pressure  also  are  measurements  capable  of  distinguish- 
ing the  three  groups  of  mildly  or  asymptomatic  patients  listed  above. 
Since  only  ten  patients  have  crossed  over  from  the  medical  to  surgical 
groups,  we  have  not  as  yet  been  able  to  establish  specific  criteria  appli- 
cable to  these  tests  which  will  be  helpful  in  predicting  clinical  or  hemo- 
dynamic deterioration.  However,  it  is  clear  that  hemodynamic  measurements 
made  during  intense  exercise  are  not  sensitive  indicators  of  left  ventri- 
cular function  and  these  measurements  are  no  longer  being  made. 

Significant  high  grade  ventricular  ectopy  has  been  detected  in  this  group, 
but  its  significance  is  uncertain.  With  24  hr  ambulatory  monitoring, 
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31/69  pts  with  AR  with  no  or  mild  symptoms  had  Lown  class  4A  or  4B  ventri- 
cular ectopy  while  on  no  antiarrhythmic  treatment.  Average  follow-up  was 
21+^1  mo.  Ventricular  ectopy  was  not  related  to  severity  of  AR  or  presence 
of  coronary  disease  (CAD).  In  29/39  additional  consecutive  pts  studied 
prior  to  aortic  valve  replacement  high  grade  ventricular  ectopy  was  also 
found.  Ventricular  tachycardia  was  present  in  16  non-operative  patients 
and  17  operative  pts  (NS).  Rx  was  initiated  in  only  4  NOP  pts  with  ven- 
tricular tachycardia.  Non-operative  pts  without  ventricular  tachycardia 
were  not  placed  on  Rx  and  high  grade  ventricular  ectopy  continued  in  15/20 
pts  who  underwent  repeat  ambulatory  monitoring.  Six  mo  after  AVR,  ambula- 
tory monitoring  was  repeated  in  30  pts  and  29  continued  to  have  hi  grade 
ventricular  ectopy.  In  16  operative  pts  with  ventricular  tachycardia,  6 
had  ventricular  tachycardia  after  aortic  valve  replacement  and  4  had  4A 
ventricular  ectopy.  Only  one  non-operative  pt  died  (ventricular  tachy- 
cardia, CAD).  Three  pts  died  at  the  time  of  aortic  valve  replacement 
(2=high  grade  ventricular  ectopy,  1  =  CAD,  high  grade  ventricular  ectopy). 
No  other  pts  have  died  after  aortic  valve  replacement  with  a  mean  follow- 
up  time  of  20+2  mo.  These  data  indicate  that  high  grade  ventricular 
ectopy  is  common  in  mildly  or  severely  symptomatic  pts  with  AR  and  occurs 
independently  of  the  presence  of  CAD.  However,  high  grade  ventricular 
ectopy  has  not  been  associated  with  increased  mortality  during  follow  up 
of  either  non-operative  patients  or  operative  patients. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  computerized  clinical  data  bank  has  been  established  for  all  cardiology 
patients.  Inpatient  and  outpatient  data  will  include  symptom  description, 
and  X-ray,  ECG,  catheterization,  echocardiogram,  and  radionuclide 
angiogram  results. 
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Project  description:  A  computerized  data  bank  has  been  established  for 
cardiology  patients  in  order  to  provide  easy  access  to  patient  data  for 
clinical  and  investigative  purposes.  Included  in  the  data  base  is  infor- 
mation from  both  outpatient  and  inpatient  visits  as  well  as  the  identifi- 
cation of  procedures  and  diagnoses  generated  at  other  institutions.  The 
data  includes  symptom  description.  X-ray,  ECG,  catheterization,  radionu- 
clide, and  echocardiogram  interpretations,  listing  of  current  medications, 
and  disposition  of  the  patient.  In  addition,  with  the  assistance  of  the 
"MIS"  system,  a  printout  of  the  catheterization  results  is  generated  for 
the  medical  records.  Data  accumulation  was  begun  on  January  1,  1978  and 
current  and  retroactive  information  has  been  entered  on  all  of  our 
patients.  In  the  winter  of  1979,  the  data  base  of  the  Cardiology  Branch 
and  the  one  already  in  service  under  the  direction  of  Dr.  Charles  Mcintosh 
of  the  NHLBI  Surgical  Branch  were  merged  into  one  system,  thus  facilitat- 
ing access  to  data  on  all  ptients  with  cardiovascular  disease.  Queries  of 
the  data  base  for  clinical  and  research  purposes  have  averaged  about  10 
per  month.  A  summary  of  available  "pertinent"  clinical  data  is  now 
obtained  for  each  outpatient  visit  to  the  Cardiology  and  Surgery  Clinics 
in  order  to  make  chart  reviews  easier  at  these  visits. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


A  fragment  of  the  enzyme  myosin  light  chain  kinase  has  been  isolated  from 
canine  cardiac  muscle.  This  fragment  has  two  important  properties:  1)  it 

requires  Ca calmodulin  to  phosphorylate  myosin  light  chains;  2)  it 

undergoes  a  Ca calmodul in-dependent  autophosphorylation. 
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Project  description:  Cardiac  muscle  myosin  light  chain  kinase  has  been 
purified  from  dog  heart  ventricles.  The  final  step  of  purification  is 
chromatography  on  an  affinity  column  of  calmodulin  coupled  to 
Sepharose-4B.  The  molecular  weight  of  the  purified  kinase  is  56,000  in 
SDS-PAGE  and  its  activity  for  transferring  phosphate  to  the  20,000  dalton 
light  chain  of  myosin  is  completely  dependent  on  Ca   and  calmodulin. 
Since  Walsh  et  al .  have  previously  reported  that  cardiac  muscle  myosin 
kinase  has  a  molecular  weight  of  85,000  (J.  Biol.  Chem.  254,  12136-12144, 
1979)  the  enzyme  reported  on  here  may  be  an  active  fragment  of  a  larger 
molecule.  The  56,000  dalton  myosin  kinase  undergoes  an  autophosphoryla- 
tion  which  is  dependent  on  the  presence  of  both  Ca   and  calmodulin.  The 
rate  of  autophosphorylation  is  extremely  rapid,  being  complete  in  a  few 
minutes  at  0°,  with  1  mole  of  phosphate  incorporated  per  mole  of  kinase. 
The  rate  of  autophosphorylation  was  independent  of  enzyme  concentration 
suggesting  an  intramolecular  mechanism.  Autophosphorylation  results  in  a 
50%  reduction  in  myosin  kinase  activity  when  assayed  with  smooth  muscle 
myosin  light  chains. 


Publications:  None 


/^/ 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl     HL     01712-03      CB 


PERIOD  COVERED 


October   1,    1979   to  September  30,    1980 


TtTLE  OF   PROJECT   (80  characters   or  less) 
Ca       -dependent  Enzjmies   from  Human  Platelets 


NAMES,   LABORATORY  AND    INSTITUTE  AFFILIATIONS,    AND  TITLES  OF    PRINCIPAL    INVESTIGATORS  AND   ALL   OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON  THE  PROJECT 


PI:      Robert  S.  Adelstein 
Other:    Robert  Eaton 


Head,  Molecular  Cardiology  CB  NHLBI 
Physicist 


COOPERATING   UNITS   (if  any) 
David  R.    Hathaway,   M.D. 


Indiana  University  School  of  Medicine 


LAB/BRANCH 
cardiology  Branch 


SECTION 
Molecular  Cardiology 


INSTITUTE  AND  LOCATION 
NHLBI.  NIH.    Bethesda.   Maryland  20205 


TOTAL  MANYEARSj 


0.5 


PROFESSIONAL: 


0.2 


OTHER: 


0.3 


CHECK  APPROPRIATE  BOX(ES) 
G  (a)  HUMAN  SUBJECTS 

g  (al)  MINORS   g  (a2)  INTERVIEWS 


13  (b)  HUMAN  TISSUES 


D  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  project  involves  two  different  platelet  enzymes:  1)  Platelet  myosin 
light  chain  kinase:  Phosphorylation  of  this  enzyme  by  cAMP-dependent 
protein  kinase  decreases  the  activity  of  this  enzyme.  This  might  explain 
one  v^ay  in  which  a  rise  in  cAMP  would  act  to  inhibit  platelet  release 
2)  Platelet  protease:  A  Ca  -dependent  protease  which  degrades  human 
platelet  myosin  and  smooth  muscle  myosin  kinase  has  been  purified.  This 
protease  might  play  an  important  role  in  the  turnover  of  platelet 
contractile  proteins. 
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Project  description:     Platelet  myosin  light  chain  kinase  was  purified  in  a 
Ca^+-calmodulin  dependent  form  by  including  a  number  of  protease  inhibi- 
tors.    The  platelet  myosin  kinase  is  a  substrate  for  cyclic  AMP-dependent 
protein  kinase.     One  mole  of  phosphate  is  incorporated  per  mole  of  kinase. 
Phosphorylation  of  platelet  myosin  kinase  results  in  a  decrease  in  the 
activity  of  this  enzyme.     This  decreased  activity  might  explain  one  way  in 
which  a  rise  in  the  level   of  cyclic  AMP  might  regulate  platelet  function. 

A  Ca2+-dependent  protease,  which  degrades  platelet  myosin  as  well  as 
smooth  muscle  myosin  light  chain  kinase,  has  been  purified  and  character- 
ized.    The  enzyme  has  a  molecular  weight  of  83,000  and  is  dependent  on  the 
presence  of  Ca2+,  but  not  calmodulin,  for  activity. 


Publications:     Adelstein,  R.S.  and  Hathaway,  D.R.:     Role  of  calcium  and 
cyclic  adenosine  3':5'   monophosphate  in  regulating  smooth  muscle 
contraction  Am.  J.  of  Cardiol.,  44:     783-787,   1979 

Hathaway,  D.R.,  Eaton,  C.R.  and  Adelstein,  R.S.: 
Regulation  of  human  platelet  myosin  kinase  by  calcium-calmodulin  and 
cyclic  AMP.     In:     Proceedings  of  the  International  Workshop  on  Coagulation 
Amsterdam,  Elsevier/North  Holland,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Verapamil  has  been  successful  in  treating  paroxysmal  atrial  tachycardia  in 
patients  with  hypertrophic  cardiomyopathy  as  well  as  other  forms  of  heart 
disease.  It  has  not  been  of  any  consistent  benefit  in  patients  with 
significant  ventricular  arrhythmias. 
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Project  description:  Verapamil,  a  "calcium  antagonist",  is  an  effective 
antiarrhythmic  agent  for  supraventricular  tachycardias,  although  less 
success  has  been  obtained  with  ventricular  arrhythmias.  Patients  with 
hypertrophic  cardiomyopathy  tolerate  all  forms  of  tachyarrhythmias  very 
poorly,  and  ventricular  or  supraventricular  tachyarrhythmias  may  be  a  . 
major  mechanism  for  sudden  death  in  this  group. 

It  is  well  known  that  verapamil  can  acutely  revert  supraventricular 
tachycardia  (SVT)  to  sinus  rhythmn  in  80-100%  of  patients.  However,  the 
use  of  oral  verapamil  to  maintain  sinus  rhythm  in  these  patients  has  not 
been  well  studied.  In  five  patients  (three  without  other  demonstrable 
cardiac  disease,  who  were  refractory  to  the  usual  treatment  for  SVT,  we 
have  been  able  to  eliminate  or  markedly  reduce  the  episodes  of  SVT  with 
the  chronic  use  of  verapamil.  These  patients  have  been  on  the  drug  for 
periods  up  to  28  months. 

Verapamil  administration  has  been  especially  helpful  in  patients  with 
hypertrophic  cardiomyopathy  who  are  in  atrial  fibrillation.  We  have  ini- 
tiated verapamil  treatment  in  13  such  patients  and  11  have  had  an  excell- 
ent clinical  response  for  periods  up  to  18  months.  Three  of  these 
patients  have  surprisingly  reverted  to  sinus  rhythm  and  have  remained  in 
this  rhythm  for  periods  up  to  six  months. 

Although  two  patients  with  significant  (Lown  Grade  III-IV)  ventricu- 
lar arrhythmias  have  had  a  VJbt   reduction  in  ventricular  ectopy  with  vera- 
pamil, many  others  have  had  no  improvement  in  their  ventricular  arrhythmi- 
as and  have  required  additional  antiarrhythmic  therapy. 

In  summary,  verapamil  seems  to  be  a  very  effective  antiarrhythmic 
agent  for  patients  with  hypertrophic  cardiomyopathy  who  suffer  from  atrial 
tachyarrhythmias.  This  observation  is  especially  important  in  those 
patients  with  chronic  atrial  fibrillation  who  previously  required  digoxin 
to  slow  the  ventricular  response,  since  the  positive  inotropic  effect  of 
digitalis  glycosides  can  increase  left  ventricular  outflow  obstruction  in 
patients  with  obstructive  hypertrophic  cardiomyopathy.  The  medication 
does  not  seem  to  be  as  helpful  in  patients  with  ventricular  arrhythmias, 
but  an  evaluation  on  an  individual  basis  is  recommended,  for  verapamil  has 
been  effective  in  suppressing  ventricular  arrhythmias  in  a  few  patients. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Verapamil ,  a  calcium  antagonist,  reduced  left  ventricular  outflow 
obstruction  in  patients  viith   hypertrophic  cardiomyopathy,  and  produced  no 
adverse  effects  on  left  ventricular  function.  In  order  to  evaluate  the 
mechanism  by  which  the  drug  works,  evaluation  of  its  effect  on  diastolic 
events  is  presently  being  undertaken. 
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Project  description:     Various  investigators  have  proposed  that  abnormal   Ca 
metabolism  may  contribute  to  the  pathologic  and  physiologic  abnormalities 
in  some  experimental   cardiomyopathies.     To  help  assess  this  possibility, 
the  Ca  antagonist  verapamil   was  infused  in  27  patients  with  hypertrophic 
cardiomyopathy  (HCM)  at  the  time  of  catheterization.     Basal   and  provoked 
left  ventricular  outflow  tract  gradients  were  measured  under  control    (C) 
conditions  and  during  3  progressively  greater  doses  of  verapamil    (0.007, 
0.014,  0.021  mg/kg/min).     The  peak  verapamil   effects  on  left  ventricular 
outflow  tract  gradients  in  patients  who  had  a  gradient  of  at  lest  30  mmHg 
in  the  C  state  were:     (mean  +SEM). 

Basal       Valsalva    Amyl  Nitrite       Isoproterenol 
Control         84+6         90+8         82+9  106  +  14 

Verapamil     56+7         64+10     43  +  11*  63  +  5* 

Heart  rate  (HR),  systolic  blood  pressure  (SBP),  mean  pulmonary  artery 
wedge  pressure  (PCW),  and  cardiac  index  (CI)  were  also  measured  before  and 
during  the  3  verapamil   doses  (VI -V3). 


HR  76+3  77+2  81+3*  81+6 

SBP     116  +4     108  +  3*    107  +4*    99  +  5* 

PCW  14+1  13+1  15+1  15+1 

CI  2.6  +  0.1       2.7  +  0.2       3.0  +  0.3  2.8  +  0.2 

=  p<.05      *  =  p<.005  (compared  to  C) 

In  order  to  determine  the  mechanism  by  which  the  drug  works  in  this 
disorder,  its  effect  on  the  left  ventricular  pressure-volume  relationship 
is  presently  being  evaluated  using  a  micromanometer  tip  catheter  and  radio 
isotope  imaging.  Preliminary  results  indicate  an  abnormal  left  ventricu- 
lar pressure-volume  relationship  which  is  improved  by  intravenous  verapa- 
mil administration. 

Verapamil  is  also  being  administered  intravenously  in  the  catheterization 
laboratory  to  patients  with  high  left  ventricular  filling  pressure  and/or 
the  non-obstructive  form  of  the  disorder  in  order  to  determine  its  effect 
in  selected  high  risk  patients  who  are  not  operative  candidates. 

These  results  indicate  that  verapamil  can  significantly  decrease  left  ven- 
tricular outflow  tract  obstruction  and  has  a  beneficial  effect  on  dias- 
tolic function  in  patients  with  HCM. 

Publications:  Rosing,  D.R.,  Kent,  K.M.,  Borer,  J.S.,  Seides,  S.F.,  Maron, 
B.J.  and  Epstein,  S.E.:  Verapamil  Therapy:  A  New  Approach  to  the  Pharma- 
cologic Treatment  ofHypertrophic  Cardiomyopathy:  I.  Hemodynamic  Effects. 
Circulation  60:  1201-1207,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Marked  disorganization  of  cardiac  muscle  cells  in  the  ventricular  septum 
is  a  highly  specific  ("as  well  as  sensitive)  marker  for  hypertrophic 
cardiomyopathy.  Although  septal  disorganization  may  occur  in  patients 
with  aortic  or  pulmonic  atresia  (as  well  as  other  congenital  heart 
malformations)  the  areas  of  septum  involved  are  usually  extremely  small. 
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Project  description:  The  presence  of  numerous  abnormally  arranged  cardiac 
muscle  cells  in  the  ventricular  septum  has  been  considered  to  be  a  charac- 
teristic anatomic  feature  of  patients  with  hypertrophic  cardiomyopathjy. 
However,  it  has  been  suggested  that  the  ventricular  septum  of  infants  with 
certain  congenital  cardiac  diseases  (such  as  aortic  or  pulmonic  valve 
atresia)  contains  disorganized  cardiac  muscle  cells  similar  to  that  pre- 
sent in  patients  with  hypertrophic  cardiomyopathy.  To  test  the  validity 
of  this  concept  and  the  true  specificity  of  septal  disorganization  for 
hypertrophic  cardiomyopathy,  sections  of  ventricular  septum  were  obtained 
at  necropsy  from  276  patients  and  the  extent  of  ventricular  septal  disor- 
ganization was  determined  quantitatively.  Disorganization  was  most  marked 
in  the  infants,  children  and  adults  with  hypertrophic  cardiomyopathy  - 
i.e.,  present  in  95%  of  60  patients;  the  mean  area  of  septum  disorganized 
was  31  +  3%.  Although  disorganized  cells  were  present  in  64%  of  33 
infants  with  aortic  or  pulmonic  valve  atresia,  these  cells  occupied 
extremely  small  areas  of  ventricular  septum  (mean  area  of  septum 
disorganized  2.8+0.7%;  p<0.001).  Furthermore,  the  minimal  septal 
disorganization  present  in  aortic  or  pulmonic  valve  atresia  was  similar  to 
that  found  in  91  infants  with  other  congenital  heart  malformations  (mean 
area  disorganized  1.4  +  0.6%),  and  in  92  normal  fetuses  or  infants  (mean 
area  disorganized  0.3  +  0.1%).  Hence,  extensive  ventricular  septal 
disorganization  is  a  highly  sensitive  and  specific  finding  for 
hypertrophic  cardiomyopathy,  although  small  areas  of  disorganization  may 
occur  in  infants  with  a  variety  of  other  heart  diseases,  including  aortic 
or  pulmonic  valve  atresia. 


Publications:  Maron,  B.J.,  Sato,  N.,  Roberts,  W.C,  Edwards,  J.E. 
Chandra,  R.S.:  Quantitative  analysis  of  cardiac  muscle  cell 
disorganization  in  the  ventricular  septum:  Comparison  of  fetuses 
and  infants  with  and  without  congenital  heart  disease  and  patients 
with  hypertrophic  cardiomyopathy.  Circulation  60:  685-696,  1979. 
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Nitroglycerin  (TNG)  v^as  administered  to  15  patients  viith   aortic  regurgita- 
tion and  left  ventricular  (LV)  dysfunction  determined  by  radionuclide 
cineangiography  during  supine  exercise.  TNG  resulted  in  a  25%  decrease  in 
LV  end-diastolic  volume  (LVEDV)  during  exercise  (p<.01)  with  no  change  in 
exercise  heart  rate;  TNG  also  resulted  in  a  significant  increase  in  exer- 
cise LV  ejection  fraction  (40+10%  pre  TNG  to  47+10%  post-TNG).  Thus,  des- 
pite reduction  in  LVEDV  (causing  reduction  in  wall  stress),  stroke  volume 
diminished  only  5%  at  maximal  exercise.  The  TNG-induced  reduction  in  LV 
v^all  stress  with  maintenance  of  external  work  may  be  of  value  in  the 
long-term  management  of  patients  with  aortic  regurgitation. 
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Project  description:  Previous  studies  have  demonstrated  that  vasodila- 
tors  can  reduce  regurgitant  fraction  at  rest  in  pts  with  aortic  regurgi- 
tation. To  determine  the  effect  of  nitroglycerin  (TNG)  in  pts  with 
aortic  regurgitation  and  depressed  left  ventricular  (LV)  function,  we 
utilized  radionuclide  cineangiography  during  exercise  before  and  after 
TNG  administration  in  15  pts.  Prior  to  TNG,  5  pts  had  subnormal  LV 
ejection  fraction  (EF)  at  rest  (<45%),  and  all  had  subnormal  LVEF  during 
exercise  (<55%).  After  TNG  in  doses  sufficient  to  diminish  systolic 
arterial  pressure  >^10  mm  Hg  and/or  increase  heart  rate  210  beats/mi n,  LV 
end-  diastolic  volume  fell  18%  at  rest  and  25%  during  exercise  (both 
p<.01  compared  with  pre-TNG  values).  TNG  caused  no  change  in  resting 
LVEF  (50+7%  pre-TNG  vs  53+9%  post-TNG,  N.S.);  however,  LVEF  increased 
significantly  during  exercise  after  TNG  (40+10%  pre-TNG  to  47+10%  post-- 
TNG,  p<.001).  Exercise  heart  rates  were  unchanged.  Despite  reduction 
in  LV  end-diastolic  volume  (causing  reduction  in  wall  stress),  stroke 
volume  diminished  only  5%  at  maximal  exercise.  The  TNG-induced 
increase  in  LVEF  during  exercise  did  not  correlate  with  the  level  of 
LVEF  at  rest  or  during  exercise,  with  resting  hemodynamic  values,  or 
with  echo  LV  diastolic  or  systolic  dimensions  or  percent  fractional 
shortening.  Hence,  TNG  produces  a  decrease  in  LV  end-diastolic  volume 
and  an  increase  in  LVEF  during  exercise  in  pts  with  aortic  regurgitation 
that  is  independent  of  the  degree  of  LV  dysfunction.  The  TNG-induced 
reduction  in  LV  wall  stress  with  maintenance  of  external  work  may  be  of 
value  in  the  clinical  management  of  pts  with  aortic  regurgitation  and 
impaired  LV  systolic  function. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Although  porcine  heterografts  are  widely  used  for  mitral  valve 
replacement,  there  are  few  data  on  the  long-term  durability  of  this 
prosthesis.  We  found  an  appreciable  incidence  of  acquired  prosthetic 
valve  stenosis  in  clinically  stable  patients  who  had  porcine  heterografts 
in  place  for  more  than  five  year. 
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Project  description:  Porcine  heterografts  are  widely  used  for  mitral 
valve  replacement,  although  concern  has  arisen  about  the  long  term  dura- 
bility of  these  valves.  To  elucidate  further  the  long  term  hemodynamic 
performance  of  porcine  heterografts,  we  undertook  a  study  of  patients  who 
had  porcine  mitral  valves  in  place  for  more  than  five  years  and  who  had  no 
clinical  signs  or  symptoms  suggestive  of  valve  dysfunction.  Of  the  first 
54  patients  who  had  porcine  valves  implanted  in  the  mitral  position,  18 
were  available  for  catheterization;  all  had  a  routine  hemodynamic  study 
shortly  postoperatively  (mean  7  months)  for  comparison.  Mean  follow  up 
was  85  months  (range  61  to  111).  Compared  to  the  early  postoperative 
data,  there  was  a  significant  increase  in  mean  mitral  valve  gradient  from 
5.9  +  0.7  to  8.6  +_  0.7  mm  Hg  (p<0.01),  and  a  significant  decrease  in  cal- 
culated mitral  valve  area  from  2.2  +  0.2  to  1.7  +  0.2  cm  (p<0.01).  More- 
over, a  decrease  in  valve  area  greater  than  0.5  cm  was  seen  in  7 
patients;  5  of  7  patients  with  valves  in  place  for  greater  than  80  months 
showed  such  a  decrease,  compared  to  only  2  of  11  patients  with  valves  in 
place  for  80  months  or  less  (p<0.05).  We  conclude  that  there  is  a  signi- 
ficant incidence  of  hemodynamic  deterioration  of  porcine  heterografts  in 
the  mitral  position  for  greater  than  five  years,  even  in  patients  who  are 
clinically  stable.  Whether  the  higher  incidence  of  valve  deterioration 
in  the  valves  in  place  longer  is  due  to  faulty  early  manufacture  or  sur- 
gical techniques,  or  whether  it  represents  progressive  valve  degeneration, 
remains  to  be  seen.  These  date  must  be  weighed  against  the  generally 
favorable  clinical  performance  of  porcine  heterografts  when  the  choice  of 
mitral  valve  prosthesis  is  made. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Verapamil  was  administered  to  78  patients  with  hypertrophic  cardiomyopathy 
in  order  to  try  to  improve  their  style  of  livingT  Forty-two  have  remained 
on  the  medication  for  at  least  six  months  (range  6-30).  These  patients 
have  manifested  an  improvement  in  subjective  symptomatic  status  as  well  as 
exercise  capacity  over  this  period  of  time. 
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Project  description:  The  primary  approach  to  symptomatic  therapy  in 
patients  with  hypertrophic  cardiomyopathy  (HCM)  is  the  use  of  beta  block- 
ing agents.  We  previously  demonstrated  that  verapamil  reduces  left 
ventricular  outflow  tract  obstruction  and  improves  exercise  capacity  and 
subjective  symptomatology  in  hospital  in  such  patients.  To  assess  the 
chronic  effects  of  verapamil  in  HCM,  78  patients  whose  lifestyle  was 
unacceptable  despite  propranolol  therapy  were  begun  on  oral  verapamil  in 
hospital  between  September,  1977  and  September,  1979.  Ten  patients  were 
not  discharged  on  verapamil  due  to:  side  effects  5  (1  death),  non-compli- 
ance 2,  and  symptomatic  deterioration  3.  The  drug  was  stopped  in  26/68 
patients  discharged  on  verapamil;  in  20  because  symptoms  were  unrelieved 
or  recurred,  in  three  because  of  an  inability  to  comply  with  the  protocol 
and  in  1  because  of  drug  side  effects.  Two  patients  died  while  on  chronic 
drug  treatment.  Forty-two  patients  have  remained  on  verapamil  (6-30  mos; 
median  =  14).  Treadmill  exercise  duration  was  evaluated  in  41  of  the  42. 
Long-term  verapamil  led  to  improved  exercise  duration  compared  to  in-hos- 
pital  a)  control  (+53+10%;  p<.001),  b)  propranolol  (+  32+12%;  p<.01),  c) 
verapamil  (+18+7%,  p<.25).  Adverse  hemodynamic  effects  experienced  in  the 
78  patients  included  three  deaths,  five  episodes  of  pulmonary  congestion, 
three  of  hypotension,  two  cases  of  sinus  arrest,  five  of  development  of 
junctional  rhythm  and  3  of  Wenkebach  2°   heart  block.  Non-cardiovascular 
side  effects  included  upper  abdominal  discomfort  in  two  patients,  frequent 
constipation,  and  occasional  descriptions  of  hair  loss.  In  almost  all 
cases  of  hypotension,  junctional  rhythm,  2°   heart  block,  and  non-cardio- 
vascular problems,  the  drug  was  continued  at  reduced  dosage,  although 
therapeutic  efficacy  was  sometimes  compromised  because  of  an  inability  to 
use  higher  doses.  Of  the  78  patients  started  on  verapamil  in  hospital,  36 
(46%)  have  either  improved  their  functional  class  by  at  least  1  grade 
and/or  have  increased  their  exercise  duration  by  15%.  Thus,  verapamil 
appears  to  offer  a  much  needed  new  therapeutic  approach  to  the  treatment 
of  HCM. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Tv^o  different  phosphatases  have  been  isolated  from  smooth  muscle.  One 
phosphatase  is  a  tnmer  and  dephosphorylates  smooth  muscle  myosin  as  well 
as  myosin  light  chain  kinase.  The  second  phosphatase,  v^hich  depends  on 
Mg   for  its  activity,  only  dephosphorylates  myosin  1 ight  chains  and  not 
myosin  kinase. 


PHS-6040 
(Rev.  10-76) 


/iS 


ZOl  HL  01752-02   CB 

Project  description:  The  actin-activation  of  the  ATPase  activities  of 
myosins  isolated  from  various  smooth  muscle  and  non-muscle  cells  require 
phosphorylation  of  their  20,000  dalton  light  chains  by  myosin  kinase.  The 
latter  enzyme  can  be  phosphorylated  by  cAMP  dependent  protein  kinase 
resulting  in  a  decrease  of  its  activity.  In  an  attempt  to  attain  a  better 
understanding  of  the  regulation  of  contraction  in  smooth  muscle,  the 
myosin  phosphatases  in  turkey  gizzard  smooth  muscle  were  studied. 

Two  different  myosin  phosphatases  were  purified  from  turkey  gizzards 
by  column  chromatography  using  Sephacryl  S-300,  DEAE-Sephacel  and 
aminohexyl-Sepharose  resins.  The  final  step  of  purification  was  an 
affinity  column  of  thiophosphorylated  light  chains  coupled  to  Sepharose 
4B.  Myosin  phosphatase  I  is  a  trimer  with  a  molecular  weight  of  165,000  + 
5,000  as  determined  by  sedimentation  equilibrium.  On  SDS-polyacryl amide 
gels, the  denatured  enzyme  exhibits  three  polypeptides  bands  with  molecular 
weights  of  60,000,  55,000  and  38,000.  Myosin  phosphatase  II  is  a  single 
polypeptide  of  43,000  (or  a  multiple  of  it)  as  shown  by  SDS-polyacryl amide 
gel  electrophoresis.  In  addition  to  differences  in  molecular  weight  and 
subunit  composition,  the  two  enzymes  differ  in  other  properties.  Myosin 
phosphatase  I  dephosphorylates  myosin  light  chains  and  myosin  kinase  at 
comparable  rates  while  myosin  phosphatase  II  preferentially 
dephosphorylates  myosin  light  chains.  Mg^"*"  is  required  for  maximal 
activity  of  phosphatase  II  while  phosphatase  I  has  no  metal  ion 
requirement  for  activity.  The  pH  profiles  of  the  two  enzymes  are 
different  as  well  as  the  effect  of  NaF  on  their  activities.  Various 
factors  were  observed  to  inhibit  the  activity  of  phosphatase  I.  Some  of 
these  factors  are:  increasing  ionic  strength,  phosphate,  pyrophosphate, 
ATP  and  ADP. 

We  are  currently  pursuing  a  study  of  the  regulation  of  these  myosin 
phosphatases  and  their  physiological  role  in  the  contraction  of  smooth 
muscle. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Dilatation  of  narrowings  of  the  coronary  arteries  has  been  performed  in 
patients  during  a  procedure  similar  to  cardiac  catheterization.  The 
narrov^ings  of  the  coronary  arteries  can  be  successfully  dilated  in  some 
patients  and  this  initial  dilatation  leads  to  long-lasting  results  in  most 
patients.  The  function  and  blood  flow  to  the  heart  is  improved  following 
these  procedures. 
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Project  Description:  31  patients  have  undergone  percutaneous  transluminal 
coronary  angioplasty  (PICA).  All  patients  had  symptoms  of  angina  pectoris 
prior  to  the  procedure;  six  patients  were  mildly  symptomatic,  22  patients 
had  moderate  symptoms  (angina  with  usual  activities)  and  three  patients 
had  severe  symptoms  including  symptoms  at  rest.  Twenty  three  patients  had 
single  vessel  coronary  artery  disease,  seven  had  double  vessel  disease, 
and  in  one  patient  PICA  was  attempted  in  a  bypass  vein  graft.  Nineteen 
(61%)  patients  had  initial  angiographic  improvement  in  the  coronary  steno- 
sis. In  the  remaining  12  patients  the  arterial  stenosis  could  either  not 
be  crossed  with  the  balloon  catheter  or  was  not  compressable  when  the 
balloon  was  inflated  to  its  maximum  distending  pressure.  Of  the  19 
patients  in  whom  there  was  initial  angiographic  improvement  of  the  arteri- 
al stenosis,  14  improved  and  remained  symptomatically  stable  up  to  18 
months  after  the  procedure,  and  five  developed  recurrent  severe  symptoms 
with  angiographically  documented  restenosis  at  the  site  of  the  original 
angioplasty.  All  cases  of  restenosis  occurred  within  the  first  three 
months  after  PICA.  Of  the  stable  patients,  six  have  returned  for  coronary 
arteriograms  six  months  after  the  initial  PICA,  three  have  shown  a  reduc- 
tion in  the  degree  of  stenosis  compared  to  the  immediate  post-PTCA  calcu- 
lated stenosis  (further  improvement),  and  the  other  three  remain  angio- 
graphically stable. 

To  determine  whether  the  improvement  in  the  angiographic  appearance 
of  the  coronary  arteries  would  reduce  exercise  induced  abnormalities  in 
myocardial  perfusion  and  function,  perfusion  (TL  201)  and  gated  blood  pool 
(Tc99m)  scans  at  rest  and  exercise  were  performed  prior  to  10  to  21  days 
after,  and  subsequently  six  months  following  PICA.  Before  PICA  15  of  the 
19  patients  who  ultimately  had  a  successful  angiographic  result  had  normal 
left  ventricular  blood  pool  and  perfusion  scans  at  rest.  During  exercise 
all  patients  developed  angina  and  14  of  the  15  patients  developed  left 
ventricular  wall  motion  abnormalities  (ventricular  tachycardia  terminated 
exercise  in  the  fifteenth  patient).  Left  ventricular  ejection  fraction 
either  remained  unchanged  or  fell,  and  eight  of  the  15  developed  perfusion 
abnormalities.  PICA  reduced  the  average  stenosis  from  86%  to  40%  and  the 
average  gradient  across  the  stenosis  was  reduced  from  65  mm  Hg  to  28  mm  Hg 
(p<.01).  Following  PICA,  none  of  these  patients  developed  angina  during 
exercise.  Left  ventricular  function  and  perfusion  were  unchanged  at  rest. 
During  exercise,  only  one  of  the  15  patients  with  prior  wall  motion  abnor- 
malities developed  such  abnormalities  after  PICA.  Ejection  fraction  dur- 
ing exercise  increased  in  each  of  the  patients  from  the  rest  value,  and 
was  greater  than  the  value  during  exercise  prior  to  PICA  in  all  except 
one.  Average  ejection  fraction  during  exercise  was  55%  +  3%  pre-PTCA  and 
increased  to  64%  +  2%  post-PTCA  (p<.05).  In  patients  who  remained  sympto- 
matically stable,  myocardial  function  at  rest  and  during  exercise  was 
stable  at  the  six  months  study  following  PICA.  The  exercise  induced  per- 
fusion abnormalities  present  in  eight  patients  prior  to  PTCA  were  absent 
after  PTCA.  Thus,  the  results  demonstrated  that  angiographic  improvement 
obtained  with  PTCA  leads  to  improved  exercise  capacity,  LV  function,  and 
LV  perfusion,  all  presumably  reflecting  augmentation  of  functionally 
important  coronary  blood  flow. 

The  only  complication  of  the  procedure  occurred  in  one  patient,  who 
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developed  an  acute  myocardial  infarction  12  hours  after  PICA.  Myocardial 
infarction  was  uncomplicated  and  radionuclide  angiogram  prior  to  discharge 
showed  a  small  new  area  of  hypokinesia,  but  no  change  in  the  resting 
ejection  fraction.  Of  the  five  patients  who  developed  restenosis,  three 
have  undergone  repeat  angioplasty,  two  of  whom  improved  and  remain  stable; 
the  third  developed  restenosis  after  the  second  PICA.  This  latter  patient 
and  the  two  other  patients  who  initially  developed  restenosis  have  been 
operated  upon. 

We  conclude  PICA  can  be  performed  in  selected  patients  with  coronary 
artery  disease.  Initial  angiographic  improvement  can  be  obtained  in  over 
half  the  patients  undergoing  the  procedure.  At  this  point,  the 
complication  rate  of  the  procedure  appears  to  be  low.  Finally,  when 
angiographic  improvement  occurs,  it  is  accompanied  by  restoration  of 
functionally  important  myocardial  blood  flow  during  exercise. 


Publications:  Kenneth  M.  Kent,  M.D.,  Robert  0.  Bonow,  M.D.,  Douglas  R. 
Rosing,  M.D.,  Lewis  C.  Lipson,  M.D.,  Stephen  L.  Bacharach,  Ph.D.,  Michael 
V.  Green,  M.S.,  Stephen  E.  Epstein,  M.D.:  Improved  Myocardial  Perfusion 
and  Function  Following  Percutaneous  Transluminal  Coronary  Angioplasty. 
Published  in  Proceedings  of  the  Workshop  on  Percutaneous  Transluminal 
Coronary  Angioplasty,  U.S.  Department  of  HEW,  PHS,  NIH.  June,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Wide  angle  two-dimensional  echo  may  identify  unusually  located  areas  of 
cardiac  hypertrophy  in  patients  with  a  family  history  of  hypertrophic 
cardiomyopathy,  but  normal  M-mode  echocardiogram  and  abnormal  ECG.  The 
diagnosis  of  hypertrophic  cardiomyopathy,  can  thereby  be  established, 
despite  a  normal  M-mode  echo  study. 
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Project  descri pt i on :  M-mode  echocardiography  has  proved  useful  in  the 
diagnosis  of  hypertrophic  cardiomyopathy  with  asymmetric  septal  hyper- 
trophy. However,  relatives  of  patients  with  hypertrophic  cardiomyopathy 
may  exhibit  normal  M-mode  echos  even  though  their  ECG  is  abnormal.  To 
determine  whether  such  relatives  have  hypertrophic  cardiomyopathy  unrecog- 
nized by  M-mode  echo,  22  such  patients  were  studied  using  wide-angle 
2-dimensional  (2-D)  echo  to  reconstruct  the  geometry  of  the  entire  left 
ventricular  wall.  Patients  were  5-49  years  old  (mean  17);  16  were  asymp- 
tomatic. Most  common  ECG  abnormalities  were  Q  waves,  ST-T  changes  and 
right  ventricular  hypertrophy.  M-mode  echos  showed  septal -free  wall  ratio 
<1.3  and  no  septal  hypertrophy.  In  17  (77%)  of  22  patients,  2-D  echo 
showed  localized  areas  of  left  ventricular  wall  hypertrophy.  Such  "lumps" 
involved  regions  of  the  heart  through  which  the  M-mode  beam  does  not 
usually  pass  -  i.e.,  the  posterior  septum  (7  patients),  anterolaterlal 
left  ventricular  free  wall  (8  patients),  and  the  ventricular  septum  near 
the  apex  (2  patients).  Hence:  1)  M-mode  echo  may  not  identify  hypertro- 
phic cardiomyopathy  in  certain  patients;  2)  in  such  patients  ECG  may  be  a 
more  sensitive  indicator  of  hypertrophic  cardiomyopathy  than  M-mode  echo; 
3)  wide-angle  2-D  echo  is  necessary  to  identify  these  unusually  located 
areas  of  cardiac  hypertrophy. 


i 


Publications:     Maron,   B.J.,  Gottdiener,  J.S.,  Bonow,  R.O.,  Epstein,  S.E.: 
Hypertrophic  cardiomyopathy  with  unusual    locations  of  left 
ventricular  hypertrophy  undetectably  by  M-mode  echocardiog- 
raphy:    Identification  by  wide-angle,  two-dimensional   echo- 
cardiography.    Circulation,   in  press. 


/^3. 


SMITHSONIAN  SCIENCE    INFORMATION    EXCHANGE 
PROJECT  NUMBER   (Oo  NOT  use  this  space) 


U.S.   DEPARTMENT  OF 
HEALTH,    EDUCATION,    AND  WELFARE 
PUBLIC   HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 
ZOl     HL      01765-02      CB 


PERIOD   COVERED 


TITLE  OF   PROJECT   (80  characters   or  less) 


October  1,  1979  to  September  30,  19.8Q 


II 


Sudden  Death  in  Young  Athletes 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:    Barry  J.  Mar on 
Other:  William  C,  Roberts 
Hugh  A.  McAllister 


Douglas  R. 
Stephen  E. 


Rosing 
Epstein 


Senior  Investigator  CB 

Chief,  Pathology  Branch        PB 
Head,  Cardiovascular  Pathology, 
Armed  Forces  Institute  of  Pathology, 
Washington,  D.  C. 
Senior  Investigator  CB 

Chief,  Cardiology  Branch       CB 


NHLBI 
NHLBI 


NHLBI 
NHLBI 


COOPERATING  UNITS  (if  any) 

Pathology  Branch,  NIH,  NHLBI 

Armed  Forces  Institute  of  Pathology,  Washington,  D.  C. 


LAB/BRANCH 
Cardiology  Branch 


SECTION 
Clinical  Physiology 


INSTITUTE  AND  LOCATION  „  „^ 

NHLBI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


,45 


PROFESSIONAL: 


.4 


OTHER: 


,05 


CHECK  APPROPRIATE  BOX(ES) 
g  (a)  HUMAN  SUBJECTS 

D  (al)  MINORS   D  (a2)  INTERVIEWS 


[3  (b)  HUMAN  TISSUES 


D  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Sudden  death  occurring  in  competitive  athletes  is  usually  due  to 
structural  congenital  cardiovascular  disease.  The  most  common  cause  of 
such  deaths  in  this  series  was  hypertrophic  cardiomyopathy.  While  the 
suspicion  of  cardiovascular  disease  is  often  raised  during  life  in  such 
athletes,  the  correct  diagnosis  is  not  often  made  clinically. 
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Project  description:  Youthful  competitive  athletes  epitomize  the  condi- 
tioned, healthy  segment  of  society.  However,  such  athletes  may  die  unex- 
pectedly. To  determine  the  causes  of  such  sudden  deaths,  comprehensive 
necropsy  studies  were  performed  in  29  competitive  athletes.  Ages  ranged 
from  14-30  years  (mean  20).  Sudden  death  occurred  during  or  just  after 
severe  exertion  in  26.  The  most  common  sports  participated  in  were  foot- 
ball and  basketball.  Structural  cardiovascular  alterations  were  identi- 
fied in  28  of  29  patients,  with  the  most  common  being  hypertrophic  cardio- 
myopathy (14  patients).  Other  diseases  included  idiopathic  concentric 
left  ventricular  hypertrophy  (5  patients),  anomalous  origin  of  the  left 
coronary  artery  from  anterior  sinus  of  Valsalva  (3  patients),  coronary 
artery  disease  (3  patients),  ruptured  aorta  with  the  Marfan  syndrome  (2 
patients)  and  coronary  artery  hypoplasia  (1  patient).  Cardiac  disease  had 
been  suspected  clinically  in  7  but  in  only  one  was  the  clinical  diagnosis 
correct.  Hence:  1)  Sudden  death  in  competitive  athletes  is  usually  due 
to  structural  cardiovascular  disease;  2)  the  most  common  cause  of  sudden 
death  was  hypertrophic  cardiomyopathy,  while  coronary  artery  disease  was 
relatively  uncommon.  Knowledge  of  the  causes  of  sudden  death  may  serve  as 
a  basis  of  designing  screening  programs  for  prospective  identification  of 
cardiovascular  disease  in  athletic  populations. 
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D.R.,  Epstein,  S.E.:  Sudden  death  in  young  athletes.  Circulation 
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SUMMARY  OF  WORK  (200  words  op  less  -  underline  keywords) 

Systolic  anterior  motion  of  the  anterior  mitral  leaflet  (SAM)  is  not 
pathognomonic  of  hypertrophic  cardiomyopathy,  but  is  an  uncommon  finding 
in  a  large  population  of  patients  with  a  variety  of  other  cardiac 
diseases.  When  SAM  occurs  it  usually  coexists  with  disproportionate 
septal  thickening. 
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Project  description:  Systolic  anterior  motion  of  the  anterior  mitral 
leaflet  (SAM)  is  a  characteristic  echocardiographic  finding  in  patients 
with  hypertrophic  cardiomyopathy  and  left  ventricular  outflow  obstruction. 
However,  the  value  of  SAM  as  a  diagnostic  marker  for  hypertrophic  cardio- 
myopathy has  been  questioned,  based  on  reported  occurrences  of  SAM  in 
other  heart  diseases.  To  determine  the  true  specificity  of  SAM  (under 
basal  conditions)  M-mode  echocardiograms  from  722  infants,  children  or 
adults  with  a  variety  of  congenital  or  acquired  heart  diseases  other  than 
hypertrophic  cardiomyopathy  were  reviewed.  Ages  ranged  from  1  day  to  75 
years  (median  40  years).  True  SAM  was  present  in  22  (3%)  of  the  722 
patients,  yielding  an  overall  specificity  of  97%.  SAM  was  particularly 
common  in  patients  with  transposition  of  the  great  vessels  (11  of  52, 
21%).  When  the  study  group  was  analyzed  excluding  patients  with  transpo- 
sition of  the  great  vessels,  the  prevalence  of  SAM  was  only  1.6%,  giving  a 
specificity  of  98%.  Of  note,  SAM  was  rarely  found  in  patients  with  normal 
septal -free  wall  ratios  (prevalence  of  0.4%;  specificity  99%).  In 
conclusion:  1)  SAM  is  an  uncommon  finding  in  a  large  population  of 
patients  with  a  variety  of  cardiac  diseases  other  than  hypertrophic 
cardiomyopathy;  and  2)  while  SAM  is  not  pathognomonic  of  hypertrophic 
cardiomyopathy,  it  is  nevertheless  a  highly  specific  marker  for  that 
disease. 


Publications:  Maron,  B.J.,  Gottdiener,  J.S.,  Perry,  L.W.:  Specificity 
of  systolic  anterior  motion  of  the  anterior  mitral  leaflet  (SAM)  for 
hypertrophic  cardiomyopathy:  Prevalence  of  SAM  in  a  large 
population  of  patients  with  other  cardiac  diseases.  British  Heart 
Journal ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


In  patients  with  hypertrophic  cardiomyopathy,  hypertrophy  is  asymmetric 
but  often  involves  the  anterolateral  left  ventricle  and  is  not  limited  to 
the  ventricular  septum.  Functional  symptomatic  limitation  and  outflow 
obstruction  is  most  common  in  patients  with  marked,  diffuse  hypertrophy. 
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Project  description:  Wide-angle  two-dimensional  echocardiography  was  used 
to  assess  the  pattern  and  distribution  of  left  ventricular  hypertrophy  in 
125  patients  with  hypertrophic  cardiomyopathy.  Hypertrophy  involved  sub- 
stantial portions  of  both  the  ventricular  septum  and  anterolateral  left 
ventricular  free  wall  in  54%  of  the  patients,  but  was  confined  to  the  ven- 
tricular septum  in  39%,  and  selectively  involved  only  the  left  ventricular 
free  wall  in  7%.  The  posterior  free  wall,  through  which  the  M-mode  beam 
passes,  was  usually  the  least  hypertrophied  region  of  the  left  ventricle. 

Four  patterns  of  distribution  of  left  ventricular  hypertrophy  were 
identified  in  the  study  population.  Compared  with  patients  having  other 
patterns  of  distribution,  those  patients  with  the  most  widespread  hyper- 
trophy involving  most  of  the  ventricular  septum  as  well  as  portions  of  the 
left  ventricular  free  wall:  1)  more  commonly  experienced  moderate  to 
severe  functional  limitation  (40  of  67  or  60%  vs  14  of  58  or  24%;  p  < 
0.001)  and  2)  more  often  demonstrated  obstruction  to  left  ventricular 
outflow  under  basal  conditions  (37  of  67  or  55%  vs  10  of  58  or  17%;  p  < 
0.001).  Of  note,  hypertrophy  was  limited  to  the  posterior  or  apical 
septum  or  anterolateral  free  wall  in  18%  of  patients.  In  these  patients 
conventional  M-mode  echocardiography  failed  to  identify  the  presence  of 
hypertrophy,  and  therefore  the  diagnosis  of  hypertrophic  cardiomyopathy 
could  be  established  only  by  two-dimensional  echocardiography. 

Hence,  in  patients  with  hypertrophic  cardiomyopathy,  wide-angle 
two-dimensional  echocardiography  is  capable  of  detecting  myocardial  hyper- 
trophy that  involves  a  wide  variety  of  patterns  and  is  more  extensive  than 
may  be  appreciated  by  M-mode  echocardiography.  Although  left  ventricular 
hypertrophy  is  "asymmetric"  in  most  patients  with  hypertrophic  cardiomy- 
opathy, it  is  not  usually  confined  to  the  septum  and  often  involves  the 
anterolateral  left  ventricular  free  wall. 
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5  (b)  HUMAN  TISSUES 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Using  a  quantitative  method  to  assess  the  arrangement  of  cells  in 
ventricular  myocardium,  we  found  that  disorganized  cardiac  muscle  cells 
are  usually  diffusely  distributed  throughout  the  septum  and  left 
ventricular  free  wall  of  patients  with  hypertrophic  cardiomyopathy. 
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Project  description:  Hypertrophic  cardiomyopathy  is  a  disease  of  cardiac 
muscle  in  wfiTcri  premature  sudden  death  often  occurs.  Marked  disorganiza- 
tion of  cardiac  muscle  cells  in  the  ventricular  septum  is  a  highly  speci- 
fic and  sensitive  marker  of  hypertrophic  cardiomyopathy.  Extent  and  dis- 
tribution of  cellular  disorganization  in  the  left  ventricular  wall  was 
assessed  quantitatively  in  sections  of  ventricular  septum  and  anterior 
and  posterior  left  ventricular  free  wall  from  52  patients  with  hypertroph- 
ic cardiomyopathy  and  83  patients  with  other  cardiac  diseases,  using  sub- 
stantial photographic  enlargement  and  video  planimetry.  In  patients  with 
hypertrophic  cardiomyopathy,  ventricular  septal  disorganization  was  exten- 
sive (mean  area  disorganized  36  +  4%).  Disorganization  was  also  marked  in 
the  left  ventricular  free  wall  (anterior  and  posterior),  mean  26  +  4%,  and 
was  as  extensive  in  anterior  left  ventricular  free  wall  (mean  32  +  5%)  as 
in  ventricular  septum.  In  control  patients,  mean  area  of  left  ventricular 
free  wall  disorganized  was  only  2%.  The  most  marked  degree  of  left  ven- 
tricular free  wall  and  combined  ventricular  septal  and  left  ventricular 
free  wall  disorganization  (mean  43  +  6%)  was  present  in  15  patients  with 
hypertrophic  cardiomyopathy  (_<25  years  of  age)  in  whom  sudden  death  was 
the  initial  manifestation  of  heart  disease.  Hence:  1)  in  most  patients 
with  hypertrophic  cardiomyopathy  cellular  disorganization  is  diffusely 
distributed  in  both  ventricular  septum  and  left  ventricular  free  wall,  and 
2)  this  distribution  of  disorganization  represents  a  diffuse  cardiomyo- 
pathic  process,  particularly  in  young,  previously  asymptomatic  patients 
who  die  suddenly. 


Publications:  Mar-on,  B,J.,  Anan,  T.J.,  Roberts,  W.C:   Quantitative  analy- 
sis of  the  distribution  of  cardiac  muScie  disorganization 
in  the  left  ventricular  wall  of  patients  with  hypertrophic 
cardiomyopathy.   Circulation,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  randomized,  double  blinded  prospective  study  is  currently  in  progress  to 
determine  whether  cholesterol  reduction  will  retard  the  progression  of 
coronary  artery  disease,  as  assessed  by  serial  angiographic  studies  at 
entry,  and  five  years  later.  The  study  will  be  completed  mid-1981. 
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NHLBI  TYPE  II  CORONARY  INTERVENTION  STUDY 

Project  description:  During  the  fiscal  year  1980  the  following  things 
have  happened: 

1.  The  participants  of  the  program  are  continuing  to  be  processed  in 
an  orderly  fashion  and  by  October  1,  1980  over  three-fourths  of 
the  Study  participants  will  have  concluded  the  Study. 

2.  No  significant  untoward  side  effects,  no  definitive  evidence 
concerning  medication  efficacy  has  been  reported. 

3.  Data  transfer  of  all  basic  data  to  the  Coordinating  Center 
continues  to  be  timely  and  complete. 

4.  Data  entry  and  early  analysis  in  the  areas  of  family  history, 
diet  and  exercise  testing  is  beginning. 

5.  A  paper  titled  "Reliability  of  assessing  change  in  lesion 
diameter  with  sequential  coronary  angiography"  has  been  written 
and  is  under  consideration  for  publication  in  Circulation. 

6.  A  Baseline  Paper  for  the  study  is  in  preparation. 

The  next  year  should  see  continuing  data  collection  of  the  remaining 
participants  with  the  last  participant  receiving  catheterization  next  summer. 
This  will  leave  only  analysis  and  reports  to  be  done  to  conclude  the  program. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Radionuclide  cineangiograms  were  performed  in  11  patients  v^ith  coronary 
artery  disease  on  various  drug  therapies.  Verapamil  caused  modest 
diminution  in  left  ventricular  ejection  fraction  at  rest,  but  no  changes 
during  exercise  v/hen  compared  v/ith  no  medications.  The  combination  of 
verapamil  and  propranolol  caused  no  further  v^orsening  of  left  ventricular 
ejection  fraction  and  v/as  v/ell  tolerated. 
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Project  description:  Verapamil  (V)  appears  to  improve  symptoms  in  pts 
with  coronary  disease  (CAD),  but  controversy  exists  as  to  the  magnitude  of 
its  negative  inotropic  effects  and  therefore  its  potential  for  causing 
cardiac  failure.  We  therefore  employed  Tc99m  radionuclide  angiograms  to 
assess  the  effects  of  LV  systolic  function  at  rest  and  during  exercise 
(Ex)  of  V  (480  mg/d),  propranolol  (P)  (160-320  mg/d),  and  V+P  in  11  pts 
with  CAD,  none  of  whom  had  rest  ejection  fraction  (EF)  <30%.  V  decreased 
rest  EF  (from  48+3  to  44+4%;  p<.02)  but  did  not  change  ejection  rate  (ER), 
measured  in  end-diastolic  volumes/sec  (EVD/s).  P  did  not  alter  rest  EF 
but  decreased  rest  ER  (from  2.5+.1  to  2.1+.1  EDV/s;  p<.02).  V+P  decreas- 
ed, from  control,  both  rest  EF  Tto  43+3%;  p<.001)  and  rest  ER  (to  1.9+.1 
EDV/s;  p<.001).  Rest  EF  decreased  >5%  in  5/11  pts  (45%)  on  V  and  in  7/11 
pts  (64%)  on  V+P.  However,  no  pt  developed  clinical  CHF  and  the  drugs  did 
not  change  Ex  EF.  Thus,  in  pts  with  reasonable  baseline  LV  function,  V 
alone  and  with  P  causes  mild  to  moderate  depression  of  LV  systolic 
function  at  rest,  but  not  during  Ex.  This  suggests  V  has  the  potential  for 
deleterious  effect  but  probably  only  in  CAD  pts  with  considerably  reduced 
EF  at  rest. 
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SUMMARY  OF  WORK  (200  worts  or  less  -  underline  keywords) 


eft  ventri 


To  assess  the  effect  of  oral  propranolol  and  oral  verapamil  on  left  

cular  systolic  function  and  left  ventricular  diastolic  filling  ui  patients 
v^ith  coronary  artery  disease,  we  analyzed  high  temporal  resolution  time 
activity  curves  from  radionuclide  cineangiography  at  rest  in  11  patients 
before  and  during  therapy  v/ith  each  of  these  medications.  Left  ventricular 
ejection  fraction  was  normal  at  rest  in  8  of  11  patients,  but  diastolic 
filling  was  abnormal  in  all  11.  Propranolol  did  not  alter  ejection  frac- 
tion or  diastolic  filling.  In  contrast,  verapamil  significantly  reduced 
ejection  fraction,  yet  significantly  improved  diastolic  filling,  by 
increasing  peak  left  ventricular  filling  rate  and  by  reducing  the  time  to 
peak  filling  rate.  The  improvement  in  diastolic  filling,  despite  decreased 
ejection  fraction,  may  account  in  part  for  the  symptomatic  improvement 
observed  in  many  patients  during  verapamil  therapy. 
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Project  descri pti on :  To  determine  the  effects  of  propranolol  and  verapa- 
mTToFTTefr ventri cul ar  (LV)  diastolic  filling  in  patients  with  coronary 
artery  disese  (CAD),  high  resolution  (10-20  msec/frame)  time-activity 
curves  from  resting  gated  Tc99m  radionuclide  angiograms  were  analyzed  in 
11  symptomatic  patients  before  (C)  and  during  oral  propranolol  (160-320 
mg/day)  and  oral  verapamil  (480  mg/day).  LV  ejection  fraction  (EF)  was 
normal  at  rest  in  8  of  11  patients,  but  abnormal  LV  diastolic  filling, 
defined  as  peak  filling  rate  (PFR)  <2.5  end-diastolic  volumes  (EDV)/sec  or 
time  to  PFT  >1B0  msec,  was  present  in  all  patients.  Propranolol  resulted 
in  decreased  heart  rate  (HR),  decreased  peak  ejection  rate  (PER) 
(C=2«5+.l,  p=2.U<.l  EDV/sec,  p<.01),  and  increased  ejection  time  (ET) 
(C=319+ll,  P=371+9  msec,  p<.005),  but  did  not  change  EF,  PFR  or  time  to 
PFR.  During  verapamil,  despite  decreased  HR  and  EF  (C=48+3, 
V=44+4%,p<.05),  PFR  increased  (C=1.9+.2,  V=2.3+.3  EDV/sec,  p<.05),  and 
time  to  PFR  decreased  (C=190+13,  V=161+8  msec,  p<.05),  while  PER  was 
unaffected.  Both  PFR  and  time  to  PFR  improved  in  all  patients  during 
verapamil  except  the  2  patients  with  the  greatest  decrease  in  both  EF  and 
HR.  The  improvement  in  LV  diastolic  filling,  despite  decreased  EF,  may 
account  in  part  for  the  symptomatic  improvement  observed  in  many  patients 
during  verapamil  therapy. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


s  mechanisms  responsible  for  the  clinical  improvement  observed  in 
with  hypertrophic  cardiomyopathy  while  on  verapamil  therapy,  we 
high  temporal  resolution  time  activity  curves  obtained  from 
lide  cineangiography  at  rest  in  45  patients  before  and  after  oral 
verapamil  administration.  Sixteen  patients  were  also  studied  during  oral 
propranolol  therapy.  Left  ventricular  systolic  function  was  normal  or 
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rmal  in  all  patients,  but  left  ventricular  diastolic  filling  was 
1  in  70%  of  patients.  Systolic  function  was  not  altered  during 
1,  but  peak  left  ventricular  filling  rate  significantly  increased 
to  peak  filling  rate  significantly  shortened.  In  contrast,  pro- 
did  not  alter  diastolic  events,  but  prolonged  left  ventricular 
time  and  reduced  ejection  rate.  Thus,  verapamil  improves  abnor- 
in  left  ventricular  diastolic  filling  without  altering  systolic 
.  This  mechanism  may  contribute  to  the  clinical  improvement  of 
ients  with  hypertrophic  cardiomyopathy  during  verapamil  therapy. 
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Project  description:  Verapamil  (V)  improves  exercise  capacity  in  patients 
with  hypertorpnic  cardiomyopathy  (HCM),  but  its  mechanisms  of  action  are 
unknown.  We  therefore  examined  the  effect  of  oral  verapamil  (320-640 
mg/day)  resting  left  ventricular  (LV)  systolic  and  diastolic  function  in 
patients  with  HCM.  High  resolution  time  activity  curves  from  gated  Tc99m 
radionuclide  angiograms  were  analyzed  before  (C)  and  after  verapamil 
therapy  in  45  patients,  of  whom  16  were  also  studied  during  propranolol 
therapy.  Systolic  function  was  normal  or  supra-normal  in  all  patients. 
However,  diastolic  dysfunction  was  evident  in  70%.  Verapamil  did  not 
change  LV  ejection  fraction  (EF),  peak  ejection  rate  (PER)  or  ejection 
time  (ET).  However,  verapamil  increased  peak  LV  filling  rate  (FR) 
(C=3. 3+0.1  [+SD],  V=4. 1+0.1  end-diastolic  volumes  (EDV)/sec,  p<0.001)  and 
reduced  time  to  peak  FR  (C=181+48,V=157+34  msec,  p<0.001).  In  contrast, 
propranolol  did  not  change  EF,  FR,  or  time  to  peak  FR  but  did  prolong  ET 
(C=364+48,  P=400+48  msec;p<0.001)  and  reduce  PER  (C=3.7+.7,  P=3.4+.6 
EDV/sec,  p<0.001.  Thus,  1)  LV  diastolic  filling  is  abnormal  in  a  high  % 
of  patients  with  HCM;  2)  verapamil  normalizes  or  improves  these  abnormali- 
ties without  altering  systolic  function.  This  mechanism  may  contribute  to 
the  clinical  improvement  of  many  HCM  patients  during  verapamil  therapy. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  evaluate  left  ventricular  diastolic  filling  in  patients  with  coronary 
artery  disease,  we  analyzed  high  resolution  time  activity  curves  obtain- 
ed from  gated  Tc99m  radionuclide  cineangiography  at  rest  in  231 
patients.  Peak  left  ventricular  filling  rate  (normal  >^2.5  end-diastolic 
volume/sec)  or  time  to  peak  filling  rate  (normal  C80  msec)  was  abnormal 
in  90%  of  all  patients  with  coronary  artery  disease,  86%  of  patients 
with  normal  left  ventricular  ejection  fraction,  83%  with  normal  ejection 
fraction  without  Q  waves  on  ECG.  Thus,  left  ventricular  diastolic  fill- 
ing was  abnormal  in  most  patients  with  coronary  artery  disease  indepen- 
dent of  left  ventricular  systolic  function,  even  in  patients  without 
evidence  of  prior  myocardial  infarction. 
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Project  description:  To  assess  left  ventricular  (LV)  diastolic  fill- 
ing at  rest  in  patients  with  coronary  artery  disease  (CAD),  we  analyz- 
ed high  resolution  time  activity  curves  (10-20  msec/frame)  obtained 
from  gated  Tc99m  radionuclide  angiograms  in  231  patients.  Peak  LV 
filling  rate  (PFR),  in  end-diastolic  volumes  (EDV)/sec,  was  subnormal 
in  CAD  patients  (1.8+0.6  [+SD]  vs  normal  3/3+0.6,  p<0.001)  and  time  to 
PFR  (TPFR),  measured  from  end  systole  to  PFR,  was  prolonged  (171+41 
msec  vs  normal  133+22  msec,  p<0.001).  These  indices  were  also  abnor- 
mal in  the  141  patients  with  normal  resting  LV  ejection  fraction  (EF) 
(PFR=2.1+0.5  EDV/sec;  TPFR=175+36  msec)  and  in  1234  patients  without  Q 
waves  on  ECG  (PFR=2.1+0.5  EDV/sec;  TPFR=168+38  msec).  Abnormal  LV 
filling  at  rest  (PFR  <2.5  EDV/sec  or  TPFR>180  msec)  was  found  in  90% 
of  all  patients  with  CAD,  86%  of  patients  with  normal  rest  LVEF,  and 
85%  of  patients  without  Q  waves,  values  comparable  to  the  sensitivity 
achieved  by  analysis  of  LVEF  response  to  exercise  in  CAD  patients. 
When  analysis  of  diastolic  filling,  exercise  LVEF  and  wall  motion  were 
combined,  sensitivity  in  detecting  CAD  was  99%.  Thus,  1)  diastolic 
filling  is  abnormal  in  most  patients  with  CAD  at  rest  independent  of 
LV  systolic  function;  2)  radionuclide  assessment  of  systolic  and  dias- 
tolic function  can  identify  almost  all  patients  with  CAD. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  performed  radionuclide  cineangiography  at  rest  and  during  exercise  in  120 
patients  with  coronary  artery  disease  who  were  not  considered  candidates  for 
coronary  artery  bypass  surgery  because  of  mild  symptoms.  Rest  or  exercise 
left  ventricular  ejection  fraction  were  not  different  between  the  99 
patients  who  have  remained  stable  (mean  follow-up  two  years),  the  15 
patients  who  have  had  increased  angina  requiring  operation,  and  the  six 
patients  who  have  died  suddenly.  However,  the  change  in  ejection  fraction 
from  rest  to  exercise,  and  the  exercise  load  achieved,  identified  subgroups 
with  different  2  year  event  rates.  Patients  with  a  decrease  in  ejection 
fraction  with  exercise  had  significantly  worse  prognosis  than  those  with  an 
increase  in  ejection  fraction.  Among  patients  with  a  decrease  in  ejection 
fraction  during  exercise,  patients  who  achieved  <^80  watts  work  load  had  a 
worse  prognosis  than  patients  with  better  exercise  tolerance.  Thus,  the 
change  in  ejection  fraction  from  rest  to  exercise  as  well  as  exercise 
capacity  helps  to  define  subgroups  at  high  and  at  low  risk. 
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Project  description:  To  determine  if  left  ventricular  ejection  fraction 
(EF)  response  to  exercise,  a  measure  of  reversible  ischemia,  identified 
patients  with  coronary  artery  disease  (CAD)  who  are  at  risk  of  sudden 
death  (SD),  120  patients  with  CAD  who  were  not  considered  candidates  for 
coronary  artery  bypass  surgery  (CABG)  because  of  mild  symptoms  were 
studied  by  gated  Tc99m  radionuclide  angiography.  Rest  or  exercise  EF  was 
not  different  among  patients  who  have  remained  stable  (mean  follow-up  2 
yrs),  patients  who  have  developed  increased  angina  (A)  requiring  CABG,  or 
patients  who  have  had  SD.  However,  change  (a)  in  EF  from  rest  to 
exercise,  and  exercise  load  achieved  (EX)  identified  subgroups  with 
different  2  year  event  rates  (*=p<.01): 

EX<80  watts  EX>80  watts 


AEF    SD       A    Total     Total    SD      A 


0/5     0/5     0/5       2/36    0/36    2/36 


ly 


3/25    7/25    10/25^  ^9/54    3/54    6/54 


Thus,  1)  the  level  of  EF  at  rest  or  during  exercise  does  not  predict  which 
CAD  patients  with  mild  symptoms  will  die  or  progress,  but  2)  the  change  in 
EF  from  rest  to  exercise  as  well  as  exercise  capacity  helps  to  define  a 
group  at  high  and  at  low  risk. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Radioactively  labelled  microspheres  are  commonly  used  to  measure  coronary 
blood  flow.  Decrease  in  microsphere  content  is  known  to  occur  in  infarcted 
myocardium,  introducing  a  potential  source  of  error  in  flow  measurement.  To 


investigate  stability  of  microsphere  content  in  ischemic  but  noninfarcted 
muscle,  we  injected  microspheres  in  11  open-chest  dogs  and  produced  coronary 
occlusion.  Four  hours  later  microsphere  content  of  ischemic  endocardium 
fell  to  78%  of  the  value  measured  in  normal  endocardium.  Such  changes  were 
not  seen  in  ischemic  epicardium.  An  additional  14  closed-chest  dogs  had  ■ 
preocclusion  microspheres  and  sacrifice  3  days  later.  In  these  animals, 
microsphere  content  was  decreased  (to  55-67%  of  analogous  normal  zone 
values)  approximately  equally  in  ischemic  but  surviving  muscle  and  in 
infarcted  muscle.  We  conclude  that  microsphere  "loss"  may  distort  flow 
values  even  in  relatively  short  experiments.  Within  3  days  microsphere 
"loss"  occurs  in  both  surviving  and  infarcting  portions  of  myocardium  in  the 
region  supplied  by  the  occluded  artery.  This  uniformity  permits  comparison 
of  flow  among  various  subdivisions  of  ischemic  myocardium. 
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Project  description:Preocc1usion  microsphere  (M)  content  decreases  in 
ischemic  myocardium  24  hours  after  coronary  occlusion  (CO).  This  M  loss, 
a  potential  source  of  error  in  blood  flow  (BF)  measurement,  has  been 
attributed  to  dissolution  of  infarcting  tissue.  However,  we  have  also 
observed  M  loss  from  ischemic  myocardium  that  is  not  infarcted.  We  evalu- 
ated persistence  of  15u  M,  injected  prior  to  CO,  in  nonischemic  (N)  region 
and  risk  region  (RR)  (i.e.,  region  distal  to  occluded  artery)  4  hrs  after 
open-chest  left  anterior  descending  artery  (LAD)  CO  in  11  dogs.  Ischemia 
was  documented  by  low  post-CO  flows  in  the  RR.  Pre-CO  content  in  RR  endo- 
cardium (endo)  was  21%  lower  than  N  endo,  indicating  M  loss;  similar  evi- 
dence of  M  loss  was  not  seen  in  RR  epicardium  (epi)  although  both  RR  epi 
and  RR  endo  had  a  4%  increase  in  water  content.  To  determineeeeeeen  of  M 
loss  within  RR  we  injected  15u  M  prior  to  closed-chest  LAD  CO  in  a  second 
group  of  24  dogs.  Three  days  later,  RR  of  the  left  ventricle  was  deter- 
mined by  post-mortem  dye  perfusion  and  I  identified  by  tri phenyl tetrazo- 
lium  chloride.  RR  was  divided  into  infarct  (I),  medial  regions  adjacent 
to  I  (MA)  and  remote  from  I  (MR)  and  lateral  regions  adjacent  to  I  (LA) 
and  remote  from  I  (LR).  N  epi  BF  was  .93  ml/min/g  and  N  endo  .99.  Each 
subdivision  of  the  RR  had  significant  M  loss  as  compared  to  N  epi  and  N 
endo  (p>.01).  Mean  M  losses  were:  I,  38%;  MA,  45%;  MR,  36%;  LA,  38%;  LR, 
33%.  M  loss  did  not  differ  significantly  among  the  subdivisions  of  the 
RR.  Thus  in  acute  ischemia:  1)  M  loss  occurs  in  ischemic  endo  by  4  hr 
after  CO;  2)  within  3  days  M  loss  occurs  uniformly  in  both  infarcted  and 
surviving  portions  of  the  RR.  This  uniformity  permits  use  of  M  to  compare 
BF  among  divisions  of  the  RR;  3)  dissolution  of  infarcting  tissue  does  not 
appear  solely  responsible  for  M  loss. 


Publications:  Davenport  NJ,  Goldstein  RE  and  Bolli  R:  Microsphere  "loss" 
from  noninfarcted  myocardium:  implications  for  measurement  of  coronary 
blood  flow.  Clin  Res  28:164A,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

After  coronary  occlusion  myocardium  originally  supplied  by  the  occluded 
artery  ultimately  separates  into  infarct  and  surviving  muscle.  To  clarify 
circumstances  leading  to  infarction,  we  compared  the  time  course  of  collater- 
al blood  flow  to  muscle  that  later  became  infarct  and  collateral  flovTto 


muscle  that  survived  despite  inclusion  within  the  distribution  of  the  occlud- 
ed artery.  Permanent  left  anterior  descending  occlusion  was  produced  in  14 
dogs,  Microspheres  were  given  to  measure  blood  flow  prior  to  occlusion  and  5 
min,  20  min  and  4  hr  after  occlusion.  Dogs  were  sacrificed  3  days  later  and 
their  hearts  stained  to  identify  the  various  tissue  regions.  Although  blood 
flow  was  reduced  to  all  regions  supplied  via  collaterals,  each  subdivision  of 
surviving  muscle  had  higher  flow  than  infarcting  muscle  as  early  as  5  min 
after  coronary  occlusion.  Blood  flow  characteristics  of  each  muscle  type 
identify  the  fate  of  tissue  very  early  after  coronary  occlusion.  Blood  flow 
increases  as  distance  from  infarcting  muscle  increases,  with  greater  increase 
in  tissue  lying  at  the  lateral  borders  of  the  region  supplied  by  the  occluded 
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Project  description:  After  coronary  occlusion  (CO)  myocardium  originally 
supplied  by  the  occluded  artery  (=region  at  risk  or  RR)  ultimately  separ- 
ates into  infarct  (I)  and  surviving  muscle  (SM).  To  clarify  circumstances 
leading  to  I  we  compared  the  time  course  of  collateral  blood  flow  (BF)  to 
I  and  to  surviving  portions  of  the  RR.  Permanent  left  anterior  descending 
CO  was  produced  in  14  closed  chest  dogs.  Microspheres  (15  )  were  given 
prior  to  CO  and  5  min,  20  min  and  4  hr  after  CO.  Three  days  later  dogs 
were  sacrificed,  RR  identified  by  Evans  blue  and  fluorescein  perfusion  of 
the  intact  heart,  and  I  demonstrated  in  horizontal  slices  stained  with 
triphenyltetrazolium  chloride.  RR  was  divided  into  I  and  SM.  SM  was  sub- 
divided into  lateral  regions  adjacent  to  I  (LA)  and  remote  from  I  (LR), 
and  medial  regions  adjacent  to  I  (MA)  and  remote  from  I  (MR),  to  assess 
anatomical  differences  in  BF  distribution. 

Five  min  after  CO  BF  (ml/min/g)  was  .99+_.09  to  normally 
perfused  (non-RR)  endocardium  and  .93+. 09  to  normal 

epicardium.  RR  BF  was  as  follows  (Mean  j^  SE): 

ep"icarcifum  I       MA      LA      MR      LR 

5  min  flow(ml/min/g)  .02+.01  .08+,03  .22+.05  .19+.04  .27+.05 
20  min  flow  .04+. 01  .13+. 02  .24+. 03  .34+. 05  .45+. 07 
4  hr  flow  .08+.03  .24+.05  .33+.06  .48+.02  .57+.12 

Although  BF  was  reduced  throughout  RR,  each  subdivision  of  SM  had  higher 
BF  than  I  as  early  as  5  min  after  CO  and  had  a  more  rapid  rise  of  absolute 
BF  within  4  hr  after  CO.  Thus,  BF  characteristics  of  I  and  SM  identify 
the  fate  of  tissue  Mery   early  after  CO.  BF  within  RR  increases  as  dis- 
tance from  I  increases,  with  lateral  segments  increasing  more  than  medial 
segments. 


Publications:  Goldstein  RE,  Davenport  NJ,  Bolli  R  and  Epstein,  SE:  Blood 
Flow  to  Surviving  and  Infarcting  Myocardium.  Clin.  Res.  28:  174A,  1980 
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Verapamil ,  an  investi 
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might  also  experience 
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aggregation  was  inhib 


gational  drug  useful  in  cardiovascular  disease,  is 
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lly  important  in  cardiovascular  disease,  is  dependent 
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Project  description:  Verapamil  (V)  has  been  suggested  as  a  potential 
inhibitor  of  platelet  aggregation  due  to  its  interference  with  calcium 
transport  across  plasma  membranes.  To  determine  effects  of  therapeutic 
doses,  we  examined  platelet  aggregation  in  13  patients  with  hypertrophic 
cardiomyopathy  before  and  during  V  therapy.  Platelet  aggregation  was 
measured  as  change  in  light  transmission  through  standardized  platelet 
rich  plasma  after  ADP  or  epinephrine.  Mean  changes  (expressed  as  percent 
of  difference  in  light  transmission  between  platelet  poor  plasma  and 
platelet  rich  plasma)  indicated  a  lack  of  V-induced  inhibition: 

ADP  Epinephrine 

2x10  M  2x10  M  2x10  M  10  M  10  M  10  M 
Pre  V  86+2    74+3    42+7    83+4   86+2   83+3 
On  V   83+3     74+3    48+6     79+7   82+6   76+5 
V  plasma  level  (mean  184+36  range  59-541  ng/ml)  did  not  correlate  with 
aggregation  response.  In  vitro  addition  of  V,  25  M  (10,000  ng/ml),  to 
platelets  of  6  normal  subjects  inhibited  aggregation  to  epinephrine 
(10  M).  ADP  induced  aggregation  (2x10  M)  was  inhibited  by  V,  50  M, 
whereas  aggregation  induced  by  the  calcium  ionophore  A23187  at  10  M  was 
not.  Our  data  show  that  V  is  capable  of  inhibiting  platelet  aggregation. 
However,  inhibition  is  not  seen  within  the  therapeutic  range  in  patients 
with  normal  platelet  function. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


We  analyzed  a  seri.es  of  dogs  in  whom  heart  attacks  were  produced  under 
observation.  All  who  exhibited  severe  heart  rhythm  disturbances  died 
despite  optimum  treatment.  It  appears  death  due  to  rhythm  abnormalities 
after  a  heart  attack  may  not  be  avoidable  despite  observation  and  early 
treatment. 
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Project  description:  Sudden  death  (SD)  is  believed  reversible  if  resusci- 
tation is  begun  immediately.  A  logical  assumption  relates  unsuccessful 
resuscitation  to  a  larger  %  of  left  ventricle  supplied  by  the  occluded 
arteries  (RR)  and  a  lower  collateral  blood  flow  (CBF)  to  the  ischemic  zone 
(IZ).  We  retrospectively  analyzed  data  from  45  conscious  dogs  who  under- 
went closed  chest  coronary  artery  occlusion  (CO)  during  continuous  moni- 
toring of  left  atrial  and  aortic  pressures  and  ECG.  Microsphere  measure- 
ments of  CBF  were  made  intermittently.  28  dogs  experienced  SD  under 
observation  (ventricular  fibrillation  <5  hrs.  post-CO)  and  an  attempt  at 
resuscitation  failed  in  each  case  despite  prompt  cardioversion,  ventila- 
tion, appropriate  cardiac  medications  and  right  ventricular  pacing.  RR 
was  measured  by  postmortem  staining.  Surprisingly,  there  was  no  statisti- 
cally significant  difference  between  the  SD  and  survivor  groups'  trans- 
mural mean  (.13  vs  .17  ml/min/g,  n=12  vs  n=8),  end-(.04  vs  .06  ml/min/g), 
mid-  or  epicardial  CBF  to  the  IZ  5  min  post-CO.  Also,  RR  was  the  same  in 
both  groups  (.49  n=8  and  .48  n=17).  We  conclude  that  SD  in  this  experi- 
mental model  may  be  irreversible  despite  optimal  resuscitation  and  this 
irreversibility  is  not  explainable  by  RR  size  or  changes  in  CBF. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  found  that  ease  of  provocation  of  rhythmn  disturbances  in  the  dog  heart 
3-4  days  after  a  heart  attack  correlates  very  well  with  heart  attack  size. 
Diminishing  heart  attack  size  may  therefore  decrease  the  risk  of  rhythm 
disturbance  in  this  situation. 

We  also  made  observations  about  the  type  and  placement  of  stimulation 
necessary  to  produce  abnormal  cardiac  rhythms  in  these  dogs.  This  inform- 
ation may  facilitate  the  testing  of  electrical  instability  in  other  sett- 
ings. 
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Project  description:  No  direct  evidence  exists  relating  size  of  acute 
myocardial  infarction  (AMI)  to  electrical  instability  (EI)  several  days 
later.  Moreover,  although  it  has  been  suggested  that  an  increase  in  sal- 
vaged myocardium  may  increase  EI  post  AMI,  direct  data  are  lacking.  We 
therefore  studied  12  conscious  dogs  3  to  4  days  after  AMI  was  produced  by 
closed  chest  coronary  artery  occlusion.  The  right  ventricle  (RV)  was 
stimulated  by  a  series  of  single,  followed  by  double  stimuli,  scanning 
from  end-diastole  toward  the  T  wave  during  continuous  RV  pacing.  Abnormal 
responses  included:  repetitive  ventricular  responses,  short  runs  of 
ventricular  tachycardia  (VT),  sustained  VT  and  ventricular  fibrillation. 
A  score  of  EI  was  determined  by  the  type  of  responses,  the  nature  of  the 
stimuli  required  to  produce  the  responses  (i.e.,  single  or  double)  and  the 
time  in  diastole  at  which  they  could  be  elicited.  EI  correlated  directly 
with  MI  size  (r=.96).  The  percent  of  the  risk  region  (RR)  and  left  ven- 
tricle (LV)  naturally  salvaged  (RR-MI/RR  or  LV)  were  inversely  correlated 
with  EI  (r=.94,  -.75).  This  was  due  mainly  to  the  inverse  relation 
between  %  LV  infarcted  and  %  LV  salvaged  (r=.87).  We  conclude  that  1)  EI 
determined  by  electrical  stimulation  several  days  post-AMI  increases  in 
proportion  to  side  of  MI  and  2)  LV  salvaged  by  intervention  may  enhance 
electrical  stability  post-MI. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  rate  of  coronary  occlusion  during  acute  myocardial  infarction  in  man 
must  vary  widely,  and  it  is  not  knov/n  hovi  this  vartiation  may  influence 
the  severity  of  ischemic  injury.  This  animal  study  demonstrates  a  30% 
greater  increase  in  coronary  collateral  blood  flow  when  total  occlusion 
was  preceded  by  a  45  min  gradual  progressive  stenosis  rather  than  abrupt 
occlusion.   Thus,  interventions  which  can  slow  the  rate  of  progression  of 
coronary  occlusion  may  reduce  the  severity  of  resulting  myocardial  ischemic 
in.i ury  by  allowing  greater  collateral  flow. 
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Project  description:  While  rate  of  coronary  occlusion  (CO)  in  human  myo- 
cardial  infarction  (MI)  may  vary  widely,  it  is  not  known  whether  collater- 
al myocardial  blood  flow  (MBF)  after  total  CO  varies  with  the  rate  of 
stenosis.  In  16  open  chest  dogs  we  measured  aortic  pressure  (AP),  coro- 
nary blood  flow  (CBF)  by  flowmeter,  and  collateral  MBF  by  microspheres. 
Each  of  8  Group  I  dogs  had  both  abrupt  and  gradual  (over  45  mi n)  CO  in 
random  sequence;  we  measured  MBF  1.5  min  after  total  CO  was  achieved. 
Each  of  8  Group  II  dogs  had  MBF  measured  1.5  and  45  min  after  abrupt  CO. 
Transmural  mean  (TM)  and  subendocardial  (endo)  collateral  MBF  1.5  min 
after  total  CO  in  Group  I  was  30%  higher  after  gradual  CO  (TM=0.18, 
endo-0.8  ml/min/g  compared  to  abrupt  CO  (TM=0,  14,  endo=0.06  ml/min/g, 
p<0.05).  In  contrast,  45  min  after  abrupt  total  CO  in  Group  II,  collater- 
al MBF  had  not  increased  from  its  1.5  min  value.  We  conclude  that  colla- 
teral MBF  to  TM  and  endo  are  higher  after  total  CO  if  it  is  preceded  by  45 
min  gradual  CO.  This  suggests  that  agents  which  slow  the  rate  of  CO 
(e.g.,  by  spasm  or  platelet  aggregation)  may  enhance  collateral  MBF  and 
reduce  ischemic  injury.  Also,  the  failure  of  45  min  sustained  total  CO  to 
stimulate  increased  collateral  flow  suggests  inhibition  of  collateral 
development  (relative  to  gradual  CO)  by  unknown  mechanisms  related  to  more 
severe  ischemia  (sustained  total  CO). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  determine  the  sensitivity  of  radionuclide  cineangiography  in  detecting 
coronary  artery  disease  in  patients  without  previous  myocardial  infarc- 
tion, we  evaluated  231  patients  with  coronary  artery  disease.  Regional 
and  global  left  ventricular  function  at  rest  and  during  exercise  were 
assessed  by  analysis  of  regional  wall  motion  and  determination  of  left 
ventricular  ejection  fraction.  Ninety-nine  of  the  231  patients  had  nor- 
mal  left  ventricular  wall  motion,  normal  left  ventricular  ejection  frac- 
tion at  rest,  and  no  Q  wave  on  ECG.  Abnormalities  in  regional  or  global 
left  ventricular  function  were  observed  in  89  of  these  patients  (89%). 
Specificity  of  the  technique  was  determined  in  49  patients  with  chest 
pain  and  normal  coronary  arteries;  specificity  was  94%.  Thus,  radio- 
nuclide cineangiography  is  sensitive  and  specific  in  detecting  coronary 
artery  disease  even  in  patients  with  normal  left  ventricular  ejection 
fraction  at  rest  and  without  prior  myocardial  infarction. 
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Project  description:  Gated  Tc99ni  radionuclide  angiography  at  rest  and 
during  exercise  is  highly  sensitive  in  detecting  coronary  artery  disease 
(CAD).  Many  patients  with  CAD,  however,  have  previous  myocardial  infarc- 
tion (MI)  with  abnormal  left  ventricular  (LV)  ejection  fraction  (EF)  at 
rest  or  Q  waves  on  EKG.  Inclusion  of  such  patients  in  studies  of  LV 
function  will  enhance  sensitivity  figures.  To  assess  the  sensitivity  of 
radionuclide  angiography  in  detecting  CAD  in  patients  without  prior  MI,  we 
studied  231  patients  with  CAD.  Specificity  was  assessed  in  49  patients 
with  chest  pain  and  normal  (nl)  physical  exam,  EKG,  echocardiograms,  and 
coronary  arteriograms.  We  found  the  following  sensitivity  of  rest  and 
exercise  LVEF  and  wall  motion  abnormalities  (WMA)  for  detecting  CAD: 


// 

LVEF 

WMA 

LVEF+WMA 

1) 

All  patients 

231 

90% 

93% 

94% 

2) 

Nl  Rest  LVED 

141 

85% 

89% 

90% 

3) 

No  Q  Waves 

123 

88% 

90% 

91% 

4) 

Nl  Rest  LVEF,  No  Q  Waves 

110 

86% 

89% 

90% 

5) 

Nl  Rest  LVEF,  No  Rest 

WMA,  and  No  Q  Waves 

99 

86% 

88% 

89% 

Specificity 

49 

94% 

98% 

94% 

Thus,  radionuclide  angiography  is  sensitive  and  specific  in  detecting  CAD 
even  in  patients  with  normal  rest  LVEF  and  without  prior  MI. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

After  non-transmural  myocardial  infarction,  the  coronary  collateral  blood 
flow  to  non-infarcted  subepicardial  tissue  returns  toward  normal  in  the 
resting  state.  We  studied  dogs  3-4  days  after  non-transmural  MI  and 
found  that  the  collateral  flow  to  surviving  subepicardium  was  56%  of  nor- 
mal zone  subepicardium  at  rest,  but  only  35%  of  normal  zone  during  stress 
induced  by  pacing  tachycardia.  These  data  suggest  the  potential  for 
stress  to  induce  angina  or  other  ischemic  complications  in  surviving  myo- 
cardium within  the  region  of  supply  of  an  occluded  coronary  artery. 
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Project  description:  During  non-transmural  myocardial  infarction  (MI) 
subendocardium  (endo)  within  the  distribution  of  an  occluded  coronary 
artery  infarcts,  and  sub-epicardium  (epi)  is  spared.  While  collateral 
myocardial  blood  flow  (MBF)  to  surviving  epi  returns  toward  normal  at 
rest,  its  capacity  to  respond  to  stress  is  unknown.  Thus,  we  induced  MI 
in  9  awake  dogs;  3-4  days  later  we  measured  1)  pressures  in  aorta  (AP) 
and  left  atrium  (LAP)  and  2)  microsphere  MBF  during  the  control  state 
(CS)  and  pacing-tachycardia  (PT).  Myocardium  supplied  by  the  occluded 
artery  (ischemic  zone,  IZ)  and  infarct  size  (MI)  were  measured  by 
post-mortem  staining:  MI/IZ  was  39+25%.  Results  represent  MBF  (ml/min/g) 
to  normal  (NZ)  or  IZ:  *=p<.05,  CS  vs  PT;  and  each  IZ  value  is  lower  than 
corresponding  NZ,  (p<.05). 


HR 

AP 

LAP 

EN-NZ  EN-IZ 

EPI-NZ 

EPI-IZ 

CS  113 

103 

10 

1.55   .23 

1.39 

.78 

PT  239 

107 

13 

2.58*  .06* 

2.89* 

1.01 

Thus,  although  resting  collateral  MBF  to  surviving  epi  doubled  between  1 
hr  and  3-4  days  after  MI,  the  capacity  for  MBF  to  increase  during  stress 
is  markedly  compromised.  These  data  demonstrate  the  potential  for  stress 
to  induce  angina,  arrhythmic  death,  or  extension  of  the  MI  across  its 
transmural  border  zone. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Antibodies  to  the  enzyme  myosin  light  chain  kinase  have  been  purified  and 
will  be  used  to  study  the  role  of  this  enzyme  in  regulating  smooth  muscle 
contraction  as  well  as  contractile  activity  in  non-muscle  cells  such  as 
human  platelets. 
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Project  description:  We  have  been  studying  the  role  of  myosin  phosphory- 
lation in  regulating  contraction.  In  order  to  do  so,  we  have  purified 
myosin  light  chain  kinase  from  turkey  gizzard  smooth  muscle  and  developed 
an  antibody  to  the  purified  kinase  in  rabbits.  The  kinase  antibody  has 
been  purified  from  rabbit  serum  by  affinity  chromatography.  This  puri- 
fied antibody  has  been  shown  to  inhibit  the  catlytic  activity  of  turkey 
gizzard  myosin  light  chain  kinase.  Pre-immune  serum  and  antiserum  treated 
with  purified  kinase  have  no  effect  on  kinase  activity. 

We  have  used  this  antibody,  in  collaboration  with  Dr.  James  Feramisco 
of  Cold  Springs  Harbor  Laboratory,  to  determine  the  intracellular  locali- 
zation of  myosin  light  chain  kinase  in  non-muscle  cells.  Data  from 
initial  experiments  indicate  that  myosin  light  chain  kinase  is  localized 
within  fibroblasts  on  filamentous  structures  known  to  contain  actin  and 
myosin.  Studies  are  presently  being  conducted  to  (1)  determine  the  dis- 
tribution of  myosin  light  chain  kinase  within  other  cell  types  and  (2)  to 
determine  the  antigenic  similarities  between  kinases  from  various 
tissues. 

Data  from  these  experiments  should  provide  additional  information  on 
the  importance  of  myosin  phosphorylation  in  regulating  contraction. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  mechanism  of  phosphorylati on-dependent  myos in-linked  regulation  is 
being  investigated  using  turkey  gizzard  smooth  muscle  and  Limulus  striated 
muscle  myosins  as  model  systems.  Enzymatically  active  subfragments  of  the 
myosins  will  be  prepared  to  allov^  a  kinetic  analysis  of  this  mechanism. 
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Project  description:  It  was  discovered  that  myosin  from  the  striated 
muscle  of  Limuius,  the  horseshoe  crab,  like  smooth  muscle  myosin  is 
regulated  by  a  calcium  dependent  phosphorylation.  Myosin  kinase  from 
Limulus  has  been  partially  purified.  The  site  of  phosphorylation  is  the 
regulatory  light  chain  in  Limulus  myosin  and  in  smooth  muscle  myosin. 
The  MgATPase  activity  of  the  unphosphorylated  Limulus  myosin  is  not 
activated  by  actin  whereas  that  of  the  phosphorylated  myosin  is.  A 
reconstituted  system  of  gizzard  kinase,  calmodulin,  rabbit  actin,  rabbit 
tropomyosin.,  and  Limulus  myosin  has  a  calcium  sensitive  MgATPase  activi- 
ty. This  calcium  sensitivity  is  correlated  with  the  calcium  dependent 
phosphorylation  of  the  light  chain.  The  phosphorylated  myosin's  actin 
activated  MgATPase  is  high  even  in  the  absence  of  calcium  ions. 

This  Is  further  evidence  that  Limulus  myosin  behaves  similarly  to 
vertebrate  smooth  muscle  myosin  and  represents  an  excellent  model 
system.  Its  advantages  over  smooth  muscle  myosin  are  three  fold:  1) 
Limulus  myosin  can  easily  be  obtained  relatively  free  of  kinase  and 
phosphatase;  2)  it  is  less  labile;  3)  it  has  about  an  eight  fold 
higher  actin  activated  MgATPase  than  smooth  muscle  myosin. 

Current  studies  underway  include  plans  to  purify  the  Limulus  myosin 
kinase  and  phosphatase,  preparation  of  enzymatically  active  subunits  of 
Limulus  and  gizzard  myosin,  and  analysis  of  the  kinetics  of  the  phos- 
phorylation dependent  regulation  using  these  subunits.  Preliminary  work 
indicates  that  all  three  of  these  proposed  studies  are  feasible. 
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ion  (an  index  of  the  overall  rate  of  cellular  proteolysis) 
slices  of  1)  normal  canine  myocardium,  2)  1-hour  ischemic 
3-hour  ischemic  epicardium,  and  4)  3-hour  ischemic 

incubated  in  "aerobic"  or  "ischemic"  medium.  Tyrosine 
rmal  myocardium  in  "aerobic"  medium  was  greater  than  that 
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Project  description:  Several  studies  suggest  that  during  acute  myocardial 
ischemia  (AMI)  lysosomal  hydrolases  contribute  to  the  death  of  cells  that 
otherwise  may  have  remained  viable  and  eventually  regained  function. 
However,  the  effect  of  AMI,  produced  in  intact  animals,  on  proteolysis  (P) 
has  not  been  evaluated.  Thus,  we  ligated  the  left  anterior  descending 
coronary  artery  in  29  open-chest  dogs;  .5  mm  thick  slices  were  obtained 
from  1-hr  ischemic  endocardium  (1-EN),  3-hrs  ischemic  endocardium  (3-EN) 
and  epicardium  (3-EP)  and  from  control  myocardium  (C).  Slices  were 
incubated  for  1,  2  or  3  hrs  in  "aerobic"  medium  (Krebs-Ringer-bi carbonate 
{KRB}  buffer,  with  glucose  lOmM  and  insulin  .1  U/ml ,  saturated  with  95% 
O2,  -  5%  CO2,  pH  7.4)  or  in  "ischemnic"  medium  (KRB  saturated  with  90%  N2 
-  10%  CO2J  pH  5.8).  The  protein  synthesis  inhibitor  cycloheximide  (CH) 
was  added  to  both  media  (.5mM)  to  block  amino  acid  reutilization.  CH  did 
not  inhibit  P.  The  overall  rate  of  P  was  measured  by  net  production  of 
tyrosine  by  the  slices  (pmol/mg  of  tissue,  mean  +  SE): 

"aerobic"  medium 
Incubation  C   3-EP   I-EN 

1  hour    25+2  22+2   20+4 

2  hours   47+4    -    38+5 

3  hours   72+4  58+4*  54+6 

(*  =  p<.05  vs  C).  A  similar  pattern  was  obtained  when  the  production  of 
tyrosine  was  related  to  the  concentration  of  protein  in  the  slices.  We 
conclude  that  P  does  not  increase  in  AMI  either  before  irreversible  damage 
is  believed  to  occur  (3-EP)  or  shortly  after  (1-EN,  3-EN).  This  suggests 
that  cellular  proteases  do  not  cause  cell  death  during  AMI,  making  it 
unlikely  that  drug-induced  inhibition  of  P  would  be  an  important  mechanism 
responsible  for  preventing  ischemic  myocardium  from  becoming  necrotic. 


"ischemic 

"  medium 

3-EN 

C   3-EP 

I-EN   3-EN 

20+2 

17+2  12+1 

15+3   19+2 

- 

22+6 

24+3   27+3 

50+6 

38+4  25+1* 

34+4   27+3* 

Publications:  Bolli,  R.,  Davenport,  N.J.,  Goldstein,  R.E.,  Epstein, 

S.E.:  Effect  of  Ischemia  on  Myocardial  Proteolysis.  Am  J  Cardiol 
45:  414,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  vivo  pretreatment  with  leupeptin  (an  inhibitor  of  thiol -proteases) 
markedly  reduced  cellular  proteolysis  (measured  as  tyrosine  production)  in 
slices  of  normal  (-42%)  and  ischemic  (-73%)  rat  ventricular  myocardium 
incubated  in  vitro.  However,  the  same  doses  of  leupeptin  failed  to  reduce 
infarct  size  (determined  histologically)  in  rats.  Thus,  thiol-proteases 
(lysosomal  cathepsins  B,  H  and  L  and  cytoplasmic  (Ca-activated  protease) 
do  not  appear  to  contribute  to  ischemic  cell  death. 
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Project  description:  Cellular  proteases  are  believed  to  contribute  to 
ischemic  myocardial  injury.  We  assessed  the  potential  of  leupeptin 
(LEU),  an  inhibitor  of  lysosomal  and  cytoplasmic  thiol-proteases,  to 
interfere  with  proteolysis  (PR)  and  reduce  myocardial  infarction  (MI). 
Rats  pretreated  with  LEU  i.v.  had  2  hr  coronary  ligation  (L).  Ventricu- 
lar slices  from  normal  (N)  and  ischemic  (I)  regions  were  incubated  for  1 
hr  in  anoxic  Krebs-Ringer-HCO  buffer  (pH6.8)  with  cycloheximide  0.5mM. 
PR  was  measured  as  net  tyrosine  release  (pmol/mg  protein,  mean  +^SE): 

Control       LEU-1  (lOmg/kg)    LEU-2  (40mg/kg) 
N  426+39Tn=23   306+25*(-28%,n=13)   247+23+(-42%n=5) 
I  497+46(n=17)  284+38A(-50%,n=8)    134+37+(-73%n=6) 
(*=p<.05,A=p<.01,  +=p<.001  vs  Control. 

Three  other  groups  of  rats  received  saline,  LEU-1  or  LEU-2  10  min  before 
2,  4,  6,  and  24  hrs  after  L.  MI  size,  determined  histologically  72  hrs 
after  L,  was  not  different  among  controls  (mean  34+2%SE  of  left  ventri- 
cle, n=30),  LEU-1  group  (33+4%, n=21)  and  LEU-2  group  (37+2%, n=23).  We 
conclude  that  1)  PR  is  not  significantly  increased  in  early  MI  and  2) 
even  though  LEU  markedly  reduces  total  PR  in  I  regions,  this  action  is 
insufficient  to  alter  ultimate  MI  size.  Thus,  proteases  inhibited  by 
LEU  (lysosomal  cathepsins  B,  L,  and  H  and  cytoplasmic  Ca-activated 
protease)  do  not  appear  to  contribute  to  ischemic  damage  during  acute 
MI. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cellular  proteolysis  (measured  as  tyrosine  production)  was  similar  in  slices 
of  2-hour  Ischemic  and  normal  rat  ventricular  myocardium  incubated  in 
"ischemic"  medium,  suggesting  that  cellular  proteases  are  not  activated 
during  acute  myocardial  ischemia.  In  vivo  pretreatment  with  antipain  (an 
inhibitor  of  lysosomal  cathepsins  A  and  B)  reduced  (-51%)  proteolysis  in 
ischemic  (but  not  in  normal)  myocardium.  Thus,  antipain  can  be  used  to 
assess  the  role  of  cathepsins  A  and  B  in  the  development  of  ischemic  cell 
death.  In  vivo  pretreatment  with  pepstatin  (an  inhibitor  of  cathepsin  D) 
reduced  (-50%)  proteolysis  in  normal  (but  not  in  ischemic  myocardium, 
suggesting  an  importnt  role  of  cathepsin  D  in  myocardial  protein  turnover. 
Chymostatin  (a  weak  inhibitor  of  cathepsins  A,  B  and  D)  failed  to  inhibit 
proteolysis  either  in  normal  or  ischemic  myocardium. 


PHS-6040 
(Rev.  10-76) 


^7 


ZOl  HL  01789-01  CB 

Project  description:  Several  studies  suggest  that  cellular  proteases  (CP) 
contribute  to  ceFPdeath  during  acute  myocardial  ischemia  (AMNI).  To 
determine  whether  increased  P  occurs  early  after  onset  of  AMI  and  to 
identify  agents  that  reduce  proteolysis  (P)  in  vivo  during  AMI,  rats  were 
given  i.v.  saline  or  antipain  (ANT)  inhibitor  of  cathepsin  A  and  B  and  of 
calcium-activated  neutral  protease,  12  mg/kg  20  min  and  8  mg/kg  10  min 
before  coronary  artery  ligation  (L);  18  hrs  and  1  hr  before  L,  another 
group  of  rats  received  l.p.  either  dimethylsulfoxide  (DMSO)  1  ml,  pepsta- 
tin  (PEP)  (a  specific  inhibitor  of  cathepsin  D)  8  mg/kg  1  ml  DMSO,  or 
chymostatin  (CHY)  (inhibitor  of  cathepsin  A  and  B  and  of  chymotrypsin-like 
protease)  60  mg/kg  in  1  ml  DMSO,  Two  hrs  (ANT  and  saline  groups)  or  3  hrs 
(DMSO,  PEP  and  CHY  groups)  after  L,  .5  mm  thick  slices  were  cut  from 
ischemic  (Isch)  or  normal  (N)  epicardium  and  Incubated  for  1  hr  in  Krebs- 
Ringer-bicarbonate  buffer  saturated  with  90%N2-10%C02 ,  pH  6.8,  with  cyclo- 
heximide  (.5mM).  The  rate  of  P,  assessed  by  net  production  of  tyrosine  by 
the  slices  (pmol/mg  of  tissue,  mean  +  SE),  was: 
(*=p<,02  vs  DMSO;  vs**=p.<001  vs  saline;  §=  NS  vs  Nl) 

Saline      ANT         DMSO         PEP         CHY 
Nl    66+5(n=23)  66+9(n=7)       40+6(n=12)  20+3*(-50%,n=5) 
Isch   77+7(n=17)  §38+3**(-51%,n=5)  36+7(n=7)   25+8(n=6)    37+7(n=5) 

This  is  the  first  demonstration  that  PEP  reduces  cardiac  P  in  Nl,  indicat- 
ing an  Important  role  of  cathepsin  D  in  this  process.  Also,  ANT  markedly 
reduces  P  in  Isch  indicating  that  ANT-sensitive  proteases  account  for  a 
significant  fraction  of  the  total  P  occurring  during  AMI.  Nonetheless,  P 
is  not  increased  after  2  hrs  of  AMI,  suggesting  that  CP  do  not  contribute 
to  cell  death  during  AMI. 


Publications:  Bolli,  R.,  Cannon,  R.O.,  Goldstein,  R.E.,  Epstein,  S.E.: 
Proteolysis  in  Normal  and  Ischemic  Myocardium:  Effects  of 
Antipain,  Pepstatin  and  Chymostatin.  Clinical  Research  28:  158A, 
1980. 


^8 


SMITHSONIAN   SCIENCE    INFORMATION   EXCHANGE. 
PROJECT  NUMBER    (Oo  NOT   use   this   space) 


U.S.   DEPARTMENT  OF 
HEALTH,    EDUCATION,    AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 
ZOl  HL     01790-01      CB 


PERIOD   COVERED 


October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Effect  of  Nifedipine  and  Diltiazem  on  Reperfusion  Ventricular  Fibrillation 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:        Florence  H.  Sheehan 
Other:      Stephen  E.  Epstein 


Clinical  Associate  CB   NHLBI 

Chief,  Cardiology  Branch      CB   NHLBI 


COOPERATING  UNITS  (if  any) 


None 


lab/branch 
Cardiology  Branch 


SECTION 

Experimental  Physiology  and  Pharmacology 


INSTITUTE  AND  LOCATION 

NHLBI,   NIH,    Bethesda,   Maryland   20205 


TOTAL  MANYEARS: 


.5 


PROFESSIONAL: 


.25 


OTHER: 


,25 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)  HUMAN  SUBJECTS 

n  (al)  MINORS   0  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


S  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  calcium-antagonist  drugs  nifedipine  and  diltiazem  were  studied  for 
efficacy  in  preventing  ventricular  fibrillation  during  reperfusion 
following  coronary  artery  occlusion.     Neither  of  the  drugs  were  effective. 
Nifedipine  also  does  not  inhibit  calcium  influx  into  myocardium  during 
reperfusion. 


^9 


PHS-6040 


ZOl  HL  01790-01   CB 

Project  Description:  The  efficacy  of  intravenous  nifedipine,  verapamil 
and  diltiazem  in  preventing  ventricular  fibrillation  during  reperfusion 
after  release  of  circumflex  coronary  artery  occlusion  was  compared.  Sixty 
dogs  underwent  open  chest  circumflex  occlusion  for  30  min,  then  abrupt 
reperfusion.  Dogs  were  randomly  assigned  to  control,  low  nifepidine  (1 
mcg/kg  bolus  over  3  min  then  1  mcg/kg/min),  high  nifedipine  (5  mcg/kg 
bolus  over  3  min  then  1  mcg/kg/min),  verapamil  (100  mcg/kg  bolus  then 
infusion  dose  yielding  blood  pressure  fall  of  10  to  20  mm  Hg,  mean  8.75 
mcg/kg/min),  or  diltiazem  (0.2mg/kg  bolus  then  infusion  adjusted  to  yield 
blood  pressure  fall  of  10  to  20  mm  Hg,  mean  13.6  mcg/kg/min).  Occlusion 
was  not  performed  until  blood  pressure  had  stabilized  at  the  dose  given 
for  at  least  10  min. 

During  reperfusion,  ventricular  fibrillation  occurred  in  13/20 
control  dogs,  5/9  low  nifedipine  dogs,  6/8  high  nifedipine  dogs,  9/12 
verapamil  dogs  and  10/11  diltiazem  dogs. 

To  determine  if  nifedipine  prevents  the  previously  observed  calcium 
influx  into  reperfused  myocardium,  7  control  and  all  nifedipine  dogs  were 
reperfused  for  10  min.  Hearts  were  quickly  excised.  Myocardium  from 
normal  and  reperfused  zones  was  lyophilized,  digested  and  analyzed  for 
calcium  content  using  atomic  spectrophotometry.  The  ratio  of  reperfusion 
zone  calcium  to  normal  zone  calcium  was  1.7  in  control,  1.5  in  low 
nifedipine  and  1.9  in  high  nifedipine  dogs. 

Thus,  nifedipine  does  not  inhibit  calcium  influx  during  reperfusion. 
Nifedipine,  verapamil  and  diltiazem  do  not  protect  against  reperfusion 
ventricular  fibrillation. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  incidence  of  ventricular  fibrillation  during  reperfusion  of  ischemic 
myocardium  after  release  of  coronary  artery  occlusion  is  reduced  by  1) 
restriction  of  blood  flov<  during  reperfusion  with  a  partial  occluder  or  2) 
increased  collateral  flow  to  the  ischemic  myocardium  induced  by  chronic 
stenosis  of  an  adjacent  coronary  artery.  This  suggests  that  the  risk  of 
ventricular  fibrillation  during  relief  of  coronary  spasm  in  patients  may  be 
greater  in  patients  without  coronary  disease  than  in  those  with  coronary 
disease. 
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Project  Description:  Coronary  spasm  may  occur  in  the  presence  or  absence 
of  coronary  disease  (CAD).  We  therefore  determined  the  effect  of  pre-- 
existing  coronary  stenosis  on  the  incidence  of  ventricular  fibrillation 
(VF)  during  reperfusion  (R)  following  circumnflex  coronary  artery  (CFX) 
occlusion  (0).  In  20  open-chest  dogs  an  occluder  was  placed  on  the  CFX  to 
partially  restrict  blood  flow  (F),  The  CFX  underwent  complete  0  for  30 
min  then  abrupt  R,  leaving  the  partial  occluder  in  place.  During  R  peak  F 
was  84+35%  of  baseline  (mean  +SD)  in  surviving  dogs,  and  156_+  73%  in  dogs 
dying  in  VF  (p<.02).  In  another  16  dogs,  the  LAD  was  gradually  occluded 
by  an  ameroid  constrictor;  after  20  to  39  days,  the  CFX  underwent  acute  0 
for  30  min  then  abrupt  R.  Collateral  F  to  the  CFX  bed  was  measured  by 
microspheres  10  min  after  0.  Collateral  F  in  dogs  dying  of  R  VF  (N=9)  was 
27+28%  of  normal  zone  F,  versus  58+22%  in  dogs  (N=7)  surviving  (p<.05). 
Thus,  risk  of  R  VF  is  greater  in  dogs  with  normal  coronary  arteries  than 
in  dogs  with  either  1)  a  F  limiting  partial  stenosis  of  the  artery  under- 
going transient  0,  or  2)  chronic  stenosis  of  a  second  coronary  artery 
providing  collateral  F.  This  suggests  that  the  risk  of  VF  during  release 
of  coronary  spasm  may  be  greater  in  pts  without  than  in  those  with  CAD. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


Two-dimensional  echocardiography  permits  non-invasive  assessment  of 
ventricular  septal  contouTT  A  variety  of  septal  contours  are  present  in 
patients  with  hypertrophic  cardiomyopathy  which  are  highly  specific 
markers  for  that  disease. 
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Project  description:  Hypertrophic  cardiomyopathy  is  a  disease  of  cardiac 
muscle  in  which  the  ventricular  septum  is  usually  involved  prominently  in 
the  cardiomyopathic  process.  Because  ventricular  septum  contour  may  have 
implications  regarding  diagnosis  and  advisability  of  operation,  70 
patients  with  hypertrophic  cardiomyopathy  and  57  patients  with  other  heart 
diseases  or  normal  hearts  were  studied  by  two-dimensional  echo  using  pri- 
marily parasternal  long  axis  and  apical  views.  A  variety  of  contours  were 
identified,  with  the  most  common  (25  patients,  35%)  being  "lemon-shaped" 
(convex  to  both  left  ventricle  and  right  ventricle).  Ventricular  septum 
contour  in  other  patients  were  convex  toward  left  ventricle  and  flat  (30%) 
or  concave  (25%)  to  right  ventricle,  or  flat  toward  left  ventricle  and 
convex  to  right  ventricle  (10%).  In  contrast,  in  each  control  patient  the 
right  and  left  septal  surfaces  were  parallel.  Patients  with  hypertrophic 
cardiomyopathy  also  showed  variable  distribution  of  ventricular  septum 
hypertrophy.  In  most  patients  (59,  84%)  hypertrophy  involved  all  of 
ventricular  septum  and  was  maximal  in  the  middle  1/3.  Of  note,  in  8  (12%) 
of  patients  hypertrophy  was  discretely  confined  to  the  cephalad  1/3  of 
ventricular  septum  resembling  a  "tumor  nodule",  and  in  3  (4%)  patients  was 
present  only  in  apical  regions.  Hence:  in  patients  with  hypertrophic 
cardiomyopathy  1)  a  wide  variety  of  septal  contours  are  present  that 
represent  highly  specific  echo  markers  for  that  disease;  2)  defining  the 
distribution  ventricular  septum  hypertrophic  may  be  useful  in  the  planning 
for  septal  myotomy  and  myectomy. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

"High-grade"  ventricular  arrhythmias  are  common  in  patients  with 
hypertrophic  cardiomyopathy.  However,  the  presence  (per  se)  of  these 
arrhythmias  was  not  predictive  of  sudden  death  in  a  population  of  patients 
followed  for  3  years  after  the  initial  24  hour  ambulatory  ECG  monitoring. 
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Project  description:  Sudden  death  is  a  not  rare  sequel le  of  the  natural 
history  of  patients  with  hypertrophic  cardiomyopathy,  although  the  mechan- 
ism of  these  catastrophic  occurrences  is  unknown.  Our  previous  24  hour 
ambulatory  ECG  monitoring  studies  showed  a  particularly  high  prevalence 
(i.e.,  66%),  of  high-grade  "malignant"  (e.g.,  Lown,  grade  3  or  higher) 
ventricular  arrhythmias  in  100  patients  with  hypertrophic  cardiomyopathy 
(who  were  not  taking  cardioactive  medications).  Since  the  significance  of 
these  arrhythmias  in  identifying  patients  at  high-risk  for  sudden  death  is 
not  known,  clinical  outcome  was  followed  prospectively  in  the  100 
patients  with  previous  24  hour  ECGs.  After  3  years,  15  patients  had 
undergone  operation  because  of  severe  symptoms.  Of  the  remaining  85 
patients,  58  (68%)  had  had  high-grade  arrhythmias.  Five  pts  died  during 
follow-up  and  in  4,  "malignant"  arrhythmias  were  recorded.  However,  54/58 
(93%)  of  the  pts  with  "malignant"  arrhythmias  survived  the  3  yr  follow-up 
period.   We  conclude  that:  1)  high-grade  arrhythmias  are  commonly  found 
in  patients  with  hypertrophic  cardiomyopathy  by  ambulatory  ECG  monitoring; 
2)  however,  although  such  arrhythmias  appear  to  identify  most  patients 
with  hypertrophic  cardiomyopathy  at  high-risk  for  sudden  death;  (e.g., 
high  sensitivity),  most  pts  with  such  arrhythmias  do  well  (low  specifici- 
ty); 3)  therefore,  other  (as  yet  undefined  factors)  must  be  present  for 
ventricular  instability  in  patients  with  hypertrophic  cardiomyopathy  to 
evolve  into  terminal  arrhythmias. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Plasma  verapamil  levels  were  measured  using  a  highly  sensitive  essay 
employing  high  pressure  liquid  chromatography  and  fluorometric  detection 
in  70  patients  with  hypertrophic  cardiomyopathy  on  chronic  oral  verapamil 
therapy.  There  was  marked  interpatient  variability  in  verapamil  levels  at 
each  dosage  and  no  differences  between  clinical  responders,  nonresponders, 
and  patients  with  serious  cardiac  side  effects  related  to  verapamil. 
Plasma  verapamil  levels  are  of  limited  usefulness  for  monitoring  therapy 
in  patients  with  hypertrophic  cardiomyopathy. 
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Project  description:  A  highly  sensitive,  reproducible  high  pressure 
liquid  chromotography  assay  was  used  to  determine  the  importance  of 
plasma  verapamil  levels  (PVL)  in  guiding  therapy  of  pts  with  hypertrophic 
cardiomyopathy  (HCM).  In  70  pts  taking  oral  verapamil  (V),  there  was 
marked  variability  between  pts  in  PVL  for  each  dosage. 


dose  (mg/day) 

240 

360 

480 

640 

mean  PVL+2SD 

84+72 

163+172 

174+208 

258+170 

(ng/ml) 

In  contrast,  variability  in  peak  and  trough  PVL  for  a  given  patient  was 
relatively  small  (V  peak/trough  ratio  for  23  pts=1.66+.07).  PVL  in  27 
clinical  responders  (R),  with  improvement  in  NYHA  functional  class  and 
>15%  increase  in  exercise  capacity  were  not  different  from  15  nonrespond- 
ers  (NR)  (R=153+ll,  vs  NR=175+18  ng/ml;  NS).  Moreover,  PVL  in  24  pts 
with  serious  electrophysiologic  or  hemodynamic  side  effects  from  V  ranged 
from  -30  to  540  ng/ml  and  the  mean  PVL  (201+23  ng/ml)  was  no  different 
from  the  R  or  NR.  Thus,  in  pts  with  HCM  on  V  therapy  1)  there  is  marked 
interpatient  variability  in  PVL,  which  may  be  due  to  differences  in  1st 
pass  hepatic  metabolism  2)  PVL  are  similar  in  R,  NR,  and  pts  with  serious 
side  effects,  PVL  are  therefore  of  limited  usefulness  in  predicting 
therapeutic  or  toxic  effects  in  pts  with  HCM. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

An  in-hospital  study  involving  11  patients  with  chronic  stable  angina 
pectoris  was  undertaken  to  determine  the  effects  of  verapamil  given  alone 
and  combined  with  propranolol.   Patients  improved  exercise  capacity  with 
verapamil  compared  to  placebo  or  propranolol  and  increased  exercise  time 
even  further  with  the  combination  of  verapamil  and  propranolol. 
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Project  description:  To  determine  the  effectiveness  of  oral  verapamil  (V) 
alone  and  with  propranolol  (P)  in  pts  with  chronic  angina  pectoris  (AP), 
upright  bicycle  exercise  testing  (ExT)  was  performed  in  11  pts  (9  refrac- 
tory to  B-blockers)j  29-62  yrs,  in  an  inpatient,  single-blinded  crossover 
study.  Compared  to  placebo  (PL),  V  (480  mg/d)  improved  exercise  time  (ET) 
in  all  pts  (from  307+40  to  508+42  sec;  p<.001)  and  was  more  effective  than 
P  (160-320  mg/d)  (385+34  sec;  p<,005  vs  V).  V+P  further  increased  ET  (to 
590+63  sec;  p<.01  vs  V)  and  9/11  pts  (82%)  were  pain-free  during  ExT  (in 
contrast  to  2/11  with  P  and  1/11  with  V).  Time  to  1  mm  ST-segment  depres- 
sion was  increased  by  both  V  (from  178+21  to  358+50  sec;  p<.05)  and  V+P 
(476+93  sec;  p<.05)  but  not  P.  At  the  workload  causing  angina  when  on  PL, 
V  decreased  heart  rate  (HR)  (from  112+3  to  104+3;  p<.05)  and  tended  to 
decrease  pressure-rate  product  (PRP)  Tfrom  18,260+780  to  15,930+940;p<.l) 
while  V+P  further  decreased  HR  (to  76+3;  p<.001)  and  PRP  (to  9,660+510; 
p<.001).  Training  effect  was  absent,  as  determined  by  comparable  ExT  on 
no  medications,  before  study,  during  PL  and  after  study.  Thus,  in  this 
study  of  pts  with  stable  AP  (1)  V  was  a  more  effective  anti-anginal  agent 
than  P  and  (2)  V+P  was  well  tolerated  and  provided  additional  improvement 
in  exercise  capacity  over  either  drug  alone. 
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Project  description:     Verapamil    (V)  has  been  thought  to  reduce  myocardial 
damage  following  coronary  occlusion  (0).     To  clarify  effects  of  V  on 
coronary  and  systemic  hemodynamics  we  gave  increasing  amounts  of  V  to  8 
closed-chest  dogs  beginning  5  min  after  0.     V  doses  were  administered  as  a 
bolus   (.025.    .05,   .1   and   .2  mg/kg)  followed  by  an  infusion  that  maintained 
steady  blood  levels  (mean  peak  144  ng/ml).     Pre-V  and  20  min  after  each 
bolus  we  measured  myocardial   blood  flow  (BF;  microspheres),  heart  rate 
(HR),  blood  pressure  (BP),  cardiac  output   (CO),  and  total   peripheral 
resistance  (TPR).     Nine  control   dogs   (C)   received  saline.     Mean  data  were 
as  follows  (NZ=normal   zone  BF,   IZ=ischemic  zone  BF,  epi=epicardium, 
endo=endocardium): 
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Annual  Report  of  the 
Laboratory  of  Cell  Biology 
National  Heart,  Lung,  and  Blood  Institute 
October  1,  1979  to  September  30,  1980 

The  Membrane  Enzymology  Section,  under  the  leadership  of  Dr.  Richard 
Hendler,  is  studying  the  electron  transport  chain  in  bacterial  and  mammalian 
membranes  in  order  to  identify  all  of  the  components  involved  in  the  passage  of 
electrons  from  the  initial  substrate  to  O2  and  to  elucidate  the  mechanism  by 
which  the  electrical  energy  is  converted  into  a  form  that  the  cell  can  utilize. 
The  Organelle  Biochemistry  Section,  headed  by  Dr.  Martin  Flavin,  is  primarily 
involved  with  the  unique  reaction  in  which  a  tyrosine  residue  is  added  to  the 
carboxyl  terminus  of  the  a-chain  of  tubulin  and  the  role  of  this  reaction  in 
the  function  of  microtubules  in  the  mammalian  cell.  The  Cellular  Physiology 
Section,  which  Dr.  Evan  Eisenberg  leads,  is  elucidating  each  of  the  intermediate 
steps  in  the  hydrolysis  of  ATP  by  muscle  actomyosin,  the  regulation  of  this 
reaction  by  tropomyosin  and  troponin,  and,  with  the  collaboration  of  Dr.  T.  Hill 
(NIAMDD),  modelling  these  reactions  in  a  way  that  enables  the  quantitative 
correlation  of  the  biochemical  events  to  the  physiological  events  in  the  living 
muscle.  The  Cellular  Biochemistry  and  Ultrastructure  Section,  under  the  leader- 
ship of  Dr.  Edward  D.  Korn,  is  studying  the  biochemical  basis  of  cell  motility 
including  the  mechanism  of  polymerization  of  actin  and  its  regulation  by  cel- 
lular proteins  and  the  properties  and  regulation  of  myosin  isoenzymes  of  non- 
muscle  cells. 

(1)  Membrane  Enzymology  Section:  The  automated  electrodic  oxidizing  system 
developed  previously  to  study  the  path  of  electrons  in  E.  coli  membranes  was 
modified  to  include  a  pH  stat.  This  led  to  the  discovery  that  the  transfer  of 
4-8  electrons  between  about  320  and  330  mV  is  accompanied  by  the  release  of 
protons.  From  the  redox  potential  of  the  membrane  carrier  and  its  electron 
proton  magnetic  resonance  signal  in  its  oxidized  state,  the  active  protein  has 
been  identified  as  one  of  a  unique  class  of  high  potential  iron-sulfur  proteins. 
This  is  the  first  evidence  for  such  a  protein  in  an  electron  transport  chain 
and  for  its  involvement  in  respiration- linked  acid  production. 

A  fully  active  form  of  this  high  potential  iron-sulfur  protein  can  be 
solubilized  from  the  membrane  by  0.4%  deoxycholate  and  separated  from  cytochrome 
oxidase  with  which  it  may  be  coupled  in  the  intact  membrane.  Upon  ultrafiltra- 
tion, both  the  filtrate  and  the  concentrated  protein  are  inactivated  but  full 
activity  is  recovered  when  the  two  fractions  are  mixed.  The  ultrafiltrate  can 
be  replaced  either  by  material  extracted  from  it  by  chloroform-methanol ,  i.e. 
lipids,  or  by  a  mixture  of  Tris  and  deoxycholate.  Variable  activity  of  the 
reconstituted  soluble  material  can  be  stabilized  by  the  addition  of  Cu2+  which 
is  not  required  when  membranes  are  used. 

It  is  clear  from  the  time  courses  of  the  changes  in  voltage  in  the  membrane 
preparation  and  the  release  of  protons  that  the  acidificaiton  is  tightly  coupled 
to  electron  transport,  i.e.  to  the  oxidation  of  the  endogenous  electron  donor. 
However,  the  magnitude  of  proton  release  is  too  great  for  any  membrane  component 
to  be  the  source.  The  only  possibility  seems  to  be  the  phosphate  ions  in  the 
buffer  solution. 

In  related  studies.  Dr.  Hendler  and  his  collaborators  have  been  able  to 
solubilize  the  multienzyme  complex  succinoxidase,  which  carries  electrons  from 
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succinate  to  O2  through  multiple  intermediates,  and  to  reconstitute  it  func- 
tionally into  artificial  membranes.  The  reconstituted  system  has  recovered  its 
energy  transducing  properties  in  that  a  proton  gradient  is  developed  across  the 
membrane.  However,  only  about  10%  of  the  number  of  protons  is  ejected  per  atom 
of  oxygen  reduced  compared  to  the  activity  of  the  native  membranes.  In  order 
to  obtain  reconstituted  membranes  with  higher  efficiency,  new  methods  of  prep- 
aration will  be  employed  and  attempts  will  be  made  to  separate  the  preparations 
into  more  active  and  less  active  sub-populations. 

To  measure  the  very  small  amount  of  acidificaiton  produced  by  the  recon- 
stitutes succinoxidase  system,  it  was  necessary  to  develop,  in  collaboration 
with  Walter  Friauf  of  BEIB,  a  new  type  of  ApH  meter  capable  of  measuring  changes 
of  a  few  ten-thousandths  of  a  pH  unit  per  minute. 

(2)  Organelle  Biochemistry  Section:  Previous  reports  from  this  group  have 
shown  that  the  tyrosylating  enzyme  that  adds  tyrosine  to  the  carboxyl  terminus 
of  a- tubulin  does  not  work  on  polymerized  microtubules  but  prefers  the  tubulin 
dimer.  In  contrast,  new  results  show  that  the  highly  purified  detyrosylating 
enzyme  has  a  marked  preference  for  the  polymerized  microtubule.  This  behavior 
of  the  two  enzymes  suggested  that  tyrosylation  and  detyrosylation  might  be 
related  to  the  interconversion  of  tubulin  dimer  and  polymer.  One  way  to  study 
this  is  to  examine  the  steady  state  equilibrium  between  tubulin  dimer  and 
microtubule  polymer  using  tyrosylated  and  detyrosylated  material.  According  to 
current  belief,  there  is  an  exchange  of  tubulin  dimer  at  both  ends  of  a  micro- 
tubule with  dimer  in  solution.  However,  at  one  end  there  are  more  on-reactions 
than  off-reactions  while  at  the  other  end  there  is  a  corresponding  excess  of 
off-reactions  over  on-reactions.  The  consequence  is  a  net  addition  of  tubulin 
dimer  at  one  end  of  the  microtubule  and  an  equivalent  net  loss  of  tubulin  dimer 
at  the  other  end.  With  no  change  in  the  concentration  of  tubulin  dimer  or  mi- 
crotubule, there  is  a  flow  (treadmill ing)  of  tubulin  dimers  through  the  micro- 
tubule. Careful  study  has  thus  far  revealed  no  difference  in  the  treadmilling 
rates  of  tyrosylated  and  detyrosylated  tubulin. 

In  the  cell,  and  in  purified  microtubule  preparations,  there  are  several 
high  molecular  weight  microtubular  associated  proteins  (MAPS).  MAP]  has  a 
molecular  weight  of  about  360,000  and  MAP2  of  about  300,000.  MAPS  are  neces- 
sary for  the  polymerization  of  tubulin  dimer;  MAP2  is  most  effective.  Both 
tyrosylated  and  detyrosylated  tubulin  can  be  freed  of  MAPS  by  chromatography 
on  phosphocellulose.  No  differences  in  their  rates  of  assembly  were  detected 
when  mixed  with  either  the  mixture  of  MAPS  or  MAP2.  However,  about  25%  more 
MAPS  seemed  to  bind  to  microtubules  polymerized  from  detyrosylated  tubulin 
than  when  tyrosylated  tubulin  was  used. 

The  interaction  of  tubulin  with  phospholipid  vesicles  has  also  been 
studied.  This  interaction  has  been  found  not  to  be  affected  by  the  state  of 
tyrosylation  of  the  tubulin  dimer  but  the  reaction  is  nevertheless  of  interest 
as  a  possible  model  system  for  the  postulated  interaction  of  tubulin  or  micro- 
tubules with  biological  membranes.  When  added  to  the  lipid  bilayers  at  their 
transition  temperature,  tubulin  dimer  binds  strongly  to  the  vesicles  as  moni- 
tored by  the  induction  of  leakage  of  vesicle  content.  The  bilayer  itself  re- 
mains intact  and  the  tubulin  seems,  at  least  in  part,  to  be  associated  with  the 
hydrophobic  interior  of  the  bilayer  to  which  it  has  access  only  during  the  phase 
transition. 

A  possible  role  for  tyrosylation  has  come  from  studies  of  chemotaxis  of 
leukocytes  induced  by  the  tripeptide  formylmethionylleucylphenylalanine. 


Although  control  and  stimulated  cells  seemed  to  have  the  same  content  of  tyro- 
sine ligase  and  the  same  proportion  of  tyrosylated  tubulin,  there  was  a  2-3  fold 
stimulation  of  the  turnover  of  the  C-terminal  tyrosine  upon  stimulation.  The 
effect  was  not  due  to  increased  transport  of  tyrosine  and  was  tightly  coupled  to 
the  chemotactic  stimulation  being  blocked  by  four  inhibitors  that  act  at  four 
different  sites.  Of  course,  it  is  not  yet  known  if  this  tyrosylation  is  func- 
tionally related  to  the  chemotaxis  but  the  coincidence  of  effects  is  intriguing. 

(3)  Cellular  Physiology  Section:  The  traditional  view  of  the  actomyosin  ATPase 
cycle  holds  that  ATP  dissociates  the  actomysoin  complex  when  it  binds  to  myosin 
and  that  the  release  of  the  hydrolytic  product.  Pi,  occurs  from  dissociated 
myosin.  At  that  point  the  actin  and  myosin  rebind  to  each  other.  The  physio- 
logical equivalent  is  thought  to  be  the  cycling  of  cross-bridges  between  the 
thin  filaments  (actin)  and  the  thick  filaments  (myosin)  in  the  muscle.  Several 
years  ago,  Dr.  Eisenberg  and  Dr.  Kiel  ley  proposed  that  the  rate- limiting  step  in 
this  reaction  was  the  conversion  of  myosin  from  a  refractory  state,  that  was 
incapable  of  binding  to  actin,  to  a  non- refractory  state,  which  could  bind  to 
actin.  This  could  account  for  the  experimental  observation  that  at  5  most  of 
the  myosin  was  not  bound  to  actin  even  at  very  high  actin  concentrations  ap- 
proaching Vmax  for  the  actomyosin  ATPase.  Last  year.  Dr.  Eisenberg  and  his 
associates,  in  order  to  explain  newer  data  obtained  at  more  physiological  tem- 
peratures, proposed  that,  although  the  refractory  and  non- refractory  states  do 
exist,  myosin  was  always  bound  to  actin  during  the  ATPase  cycle.  Rather  than 
cycling  between  bound  and  unbound  states,  according  to  this  new  model,  myosin 
cycled  between  states  weakly  bound  to  actin  and  states  strongly  bound  to  actin. 
The  weakly  bound  states  would  be  those  in  which  ATP  or  its  products,  ADP  and  Pi, 
were  bound  to  the  myosin;  the  strongly  bound  states  would  be  when  ADP  or  no 
nucleotide  were  bound  to  the  myosin.  The  refractory  to  non- refractory  trans- 
formation would  occur  while  the  myosin  was  bound  to  the  actin.  This  newer  model 
can  be  schematized  as  follows: 
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where  M  =  myosin  and  A  =  actin.  The  validity  of  this  model  has  been  directly 
tested  by  assaying  the  effect  of  increasing  actin  concentration  on  the  rate 
and  magnitude  of  the  Pi  burst  (the  initial  release  of  bound  Pi  from  myosin 
upon  the  addition  of  actin  before  the  steady  state  rate  of  hydrolysis  occurs). 
According  to  the  older  theory,  at  very  high  actin  concentrations  the  rate  of 
the  initial  burst  would  be  slightly  decreased  or  not  affected  while  the  mag- 
nitude of  the  burst  would  be  greatly  diminished.  The  experimental  observa- 
tions were  that  the  rate  of  the  burst  increased  markedly  while  its  magnitude 
was  only  slightly  diminished.  Mathematical  modelling  shows  that  these  re- 
sults can  be  accounted  for  by  the  new  kinetic  model.  It  should  now  be  possi- 
ble to  proceed  to  measure  the  binding  constants  between  actin  and  myosin  in 
its  several  states  to  obtain  the  final  proof  for  the  new  model. 

In  the  physiological  situation,  the  actomyosin  ATPase  is  regulated  by  the 
tropomyosin-troponin  complex  which  binds  to  F-actin  filaments  and  renders  the 
ATPase  Ca-dependent.  This  occurs  by  either  a  steric  blocking  of  the  actin  or  a 
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conformational  change  in  the  actin  such  that  myosin  cannot  bind  to  the  actin 
until  Ca  is  added  to  reverse  the  block.  Studies  now  show  that  the  binding  of 
myosin-ADP  to  the  actin-tropomyosin-troponin  complex  is  much  weaker  than  its 
binding  to  actin  alone  at  low  concentrations  of  myosin  but  significantly  tight- 
er at  high  myosin  concentrations.  Thus,  the  ratio  of  the  binding  constants 
changes  from  about  1:100  to  about  3:1.  This  shows  a  marked  positive  coopera- 
tivity  of  myosin  binding  in  the  presence  of  tropomyosin- troponin  and  no  coop- 
erativity  in  the  absence  of  tropomyosin- troponin. 

In  contrast  to  these  results  with  myosin-ATP,  the  binding  of  myosin-ATP  to 
actin  was  largely  unaffected  by  the  presence  of  tropomyosin- troponin  (only  about 
2-fold  weaker  in  the  presence  of  Ca  than  in  its  absence)  while  the  ATPAse  rate 
was  greatly  affected  (only  about  6%  in  the  absence  of  Ca  of  the  rate  in  the 
presence  of  Ca).  These  data,  combined  with  those  discussed  in  the  previous 
paragraph,  suggest  that  the  primary  effect  of  Ca- tropomyosin- troponin  is  to 
weaken  greatly  the  binding  of  myosin-ADP  while  not  affecting  the  binding  of 
myosin-ATP.  This  would  have  the  effect  of  inhibiting  the  release  of  Pi,  i.e.  of 
inhibiting  the  conversion  of  myosin-ATP  to  myosin-ADP  in  the  actomyosin  complex. 

(4)  Cellular  Biochemistry  and  Ul trastructure  Section:  A  number  of  observations 
have  led  Dr.  Korn  and  his  associates  to  propose  a  modification  of  a  theory  for 
actin  polymerization  recently  proposed  by  a  German  scientist,  Albrecht  Wegner. 
(1)  At  concentrations  very  much  lower  than  the  actin  concentration,  cytochalasin 
D  inhibits  the  rate  of  polymerization  of  actin  and,  when  added  to  polymerized 
actin  at  steady  state,  causes  partial  depolymerization  of  the  actin.  (2)  A 
complex  of  spectrin/actin  isolated  from  red  blood  cells  accelerates  the  initial 
rate  of  actin  polymerization.  (3)  The  rate  of  polymerization  of  actin  nucleated 
by  spectrin/actin  complex  is  inhibited  by  cytochalasins  but  cytochalasins  do  not 
cause  depolymerization  of  actin  when  the  polymerization  has  occurred  in  the 
presence  of  spectrin/actin  complex.  (4)  Cytochalasins  uncouple  the  hydrolysis 
of  ATP  by  actin  from  the  polymerization  of  actin  and  greatly  stimulate  the 
hydrolysis  of  ATP  by  actin  in  the  monomeric  state.  (5)  As  first  demonstrated  by 
other  laboratories,  cytochalasins  bind  to  actin  filaments  (approximately  one 
molecule  of  cytochalasin  per  filament).  (6)  Under  certain  circumstances,  cyto- 
chalasins accelerate  the  initial  rate  of  actin  polymerization  while  inhibiting 
the  final  extent  of  polymerization. 

According  to  Wegner's  model  for  actin  polymerization,  the  slow  nucleation 
step  (in  which  several  actin  monomers  form  a  yery   short  actin  oligomer)  is 
followed  by  an  elongation  step  in  which,  in  the  presence  of  ATP,  actin  monomers 
add  to  both  ends  of  the  actin  filament  but  at  different  rates.  Dr.  T.D.  Pollard 
has  obtained  direct  visual  evidence  for  this  in  electron  microscopic  studies. 
Two  reactions  will  occur  at  both  ends  of  the  growing  filament:  the  reversible 
conversion  of  monomeric  actin-ATP  to  polymeric  actin-ADP  and  the  reversible  dis- 
sociation of  polymeric  actin-ADP  to  monomeric  actin-ADP.  In  the  presence  of 
excess  ATP,  actin-ADP  will  be  converted  to  actin-ADP  because  actin  has  a  higher 
affinity  for  ATP  than  for  ADP.  Polymerization  will  cease  and  a  steady  state 
will  be  reached  when  the  net  rate  of  addition  of  actin  monomers  to  both  ends 
of  the  filament  equals  the  net  loss  of  actin  monomers  from  both  ends  of  the 
filament.  Wegner  proposed  that  the  essentially  irreversible  hydrolysis  of  ATP 
allows,  but  does  not  require,  an  asymmetry  in  the  process  so  that  there  can  be 
net  addition  of  monomers  at  one  end  of  the  filament  with  a  numerically  equiva- 
lent net  loss  of  monomers  from  the  other  end.  Under  these  conditions,  the  con- 
centrations of  actin  polymer  and  monomer  will  remain  constant  but  actin  subunits 
will,  on  average,  treadmill  through  the  filament. 
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Our  data  can  be  explained  by,  and  therefore  provide  support  for,  this  model 
as  follows.  Cytochalasins  bind  to  the  normally  more  rapidly  growing  end  of  the 
actin  filament  and  inhibit  the  rate  of  polymerization  by  restricting  filament 
elongation  to  the  normally  more  slowly  growing  end.  When  added  to  actin  fila- 
ments at  steady  state,  cytochalasins  cause  depolymerization  by  effectively 
blocking  events  at  the  net  addition  end  while  depolymerization  continues  at  the 
net  depolymerization  end  until  it  reaches  a  true  equilibrium.  Spectrin/actin 
complex  accelerates  actin  polymerization  by  providing  nucleating  centers  thus 
by-passing  the  rate  limiting  nucleating  step.  Cytochalasins  inhibit  polymeri- 
zation induced  by  spectrin/actin  complex  by  blocking  events  at  the  growing  end 
but  do  not  cause  depolymerization  of  the  filament  because  the  normally  net  de- 
polymerizing  end  is  now  blocked  by  the  spectrin/actin  complex.  Under  some  cir- 
cumstances, cytochalasins  can  stimulate  the  initial  rate  of  polymerization  by 
accelerating  the  formation  of  nuclei  by  binding  to,  and  stabilizing,  one  end  of 
the  actin  oligomer.  When  monomer  concentration  is  still  high,  the  rate  of 
elongation  from  the  less  favored  end  of  the  nuclei  is  still  greater  than  the 
rate  of  nucleation.  The  effects  of  cytochalasins  on  the  hydrolysis  of  ATP  by 
actin  and  the  uncoupling  of  this  hydrolysis  from  actin  polymerization  can  be 
explained  by  a  modification  of  the  model.  It  is  assumed  that  monomeric  actin- 
ATP  is  in  equilibrium  with  monomeric  actin-ADP-Pi  and  that  this  latter  species 
is  the  monomeric  form  that  adds  to  the  growing  filament  end.  The  Pi  that  is 
released  during  polymerization  would,  thus,  be  derived  from  the  bound  Pi  at 
the  end  of  the  filament.  There  would  also  be  a  slow  breakdown  of  actin-ADP-Pi 
to  actin-ADP  +  Pi.  Cytochalasins  would  greatly  accelerate  this  ATPase  activity 
of  monomeric  actin  by  binding  to  the  actin  and  displacing  the  ADP  and  Pi,  being 
in  turn  replaced  by  ATP.  The  inability  to  demonstrate  binding  of  cytochalasins 
to  monomeric  actin,  in  the  presence  of  excess  nucleotide,  would  be  expected  if 
monomeric  actin  had  a  much  greater  affinity  for  ATP  than  for  cytochalasins.  De- 
tails of  these  models  are  presented  in  Project  Report  No.  00401-06. 

The  other  major  area  under  investigation  by  Dr.  Korn  and  his  colleagues  is 
the  characterization  of  the  three  myosin  isoenzymes  of  Acanthamoeba  castellanii. 
It  had  previously  been  demonstrated  that  this  amoeba  contains  two  single  headed 
myosins  (lA  and  IB)  which  have  heavy  chains  of  relatively  low  molecular  weights 
(130,000  and  125,000  respectively)  and  a  two  headed  myosin  (II).  By  the  use  of 
specific  antibodies  raised  against  the  isolated  heavy  chains  of  the  three  en- 
zymes (isolated  by  SDS  polyacryl amide  gel  electrophoresis)  it  has  now  been  de- 
monstrated that  (1)  by  this  additional  criterion  the  three  myosins  are  true 
isoenzymes;  (2)  no  related  polypeptides  of  higher  molecular  weight  can  be  de- 
tected in  the  cell  so  that  the  isolated  enzymes  are  probably  the  native  en- 
zymes; (3)  all  cells  in  a  culture  contain  all  three  enzymes;  (4)  the  myosin  I 
isoenzymes  and  the  myosin  II  isoenzyme  are  differentially  localized  within  the 
cell  with  myosin  lA  and  IB  being  relatively  more  concentrated  neither  the  cell 
periphery.  With  these  antibodies  it  has  also  been  possible  to  show  that  a  re- 
lated strain  of  Acanthamoeba  castellanii  and  two  different  amoebae,  Acantha- 
moeba astronyxis  and  Nigleria  gruberii,  contain  similar  myosin  isoenzymes. 
These  remain  then  the  only  known  examples  of  non-muscle  cells  that  contain 
myosin  isoenzymes  and  the  only  examples  of  myosin  molecules  of  the  unusual  low 
molecular  weights  characteristic  of  myosins  lA  and  IB. 

Previous  work  had  s    that  actin  can  activate  the  ATPase  activity  of 
myosins  lA  and  IB  only  when  their  heavy  chains  are  phosphorylated.  This  is 
different  from  the  situation  for  smooth  muscle  and  vertebrate  nonmuscle  cells  in 
which  phosphorylation  of  one  of  their  light  chains  is  required  for  actomyosin 

5  9^7 


ATPase  activity.  Therefore,  in  myosins  lA  and  IB  both  the  ATP-site  and  the 
regulatory  phosphorylation  site  are  on  the  heavy  chain.  It  has  been  shown  now 
that  the  region  of  the  heavy  chain  that  is  phosphorylatable  by  the  specific 
myosin  I  heavy  chain  kinase  can  be  removed  by  subtilisin  digestion  and  that  full 
enzymatic  activity  is  retained  including  actomyosin  ATPase.  Therefore,  the  non- 
phosphorylated  site  is  a  repressor  of  actomyosin  ATPase  activity  and  this  inhi- 
bition can  be  derepressed  by  either  phosphorylating  the  site  or  removing  the 
site  by  controlled  proteolytic  degradation. 

It  has  also  been  possible  to  label  covalently  the  ATP-site  by  exposing 
myosins  lA  and  IB  (as  well  as  myosin  II  and  muscle  myosins)  to  fluorescent  light 
in  the  presence  of  ATP.  This  is  the  first  time  this  technique  has  been  applied 
to  myosins.  nProteolytic  degradation  of  the  1 30, 000- da 1  ton  chain  of  myosin  lA 
after  covalently  labeling  the  ATP-site  and  the  phosphorylation  site  led  to  the 
conclusion  that  both  sites  are  retained  in  a  115,000-dalton  peptide  which  is 
then  cleaved  to  an  87,000-dalton  peptide  that  contains  the  phosphorylation  site 
and  a  28,000-dalton  peptide  that  contains  the  ATP-site. 

Previous  preparations  of  myosin  II  were  not  actin^-activatable.  A  prepara- 
tion has  now  been  obtained  whose  ATPase  can  be  activated  by  actin.  Careful 
analysis  of  the  two  forms  of  myosin  II  revealed  the  only  difference  to  be  that 
the  nonactin-activatable  forms  contained  nearly  4  mol  of  P  per  mol  of  myosin 
while  the  actin-activa table  forms  contained  about  2  mol  of  P  per  mol  of  myosin. 
Autoradiography  of  acrylamide  gels  of  myosin  isolated  from  cells  grown  in  the 
presence  of  [32p]Pi  showed  that  all  of  the  phosphate  was  contained  in  the  heavy 
chains  of  myosin  II.  It  was  then  discovered  that  actin-activation  of  all  forms 
of  myosin  II  was  greatly  enhanced  by  dephosphorylation  of  the  myosin  by  either 
commercially  obtained  potato  acid  phosphatase  or  a  smooth  muscle  myosin  phospha- 
tase. Myosin  II  is,  therefore,  the  first  example  of  a  myosin  whose  ATPase  is 
actin-activated  only  when  the  molecule  is  dephosphorylated  and  the  first  example 
where  2  phosphorylation  sites  per  heavy  chain  may  be  involved.  At  this  time, 
the  Acanthamoeba  is  by  far  the  best  enzymatically  characterized  nonmuscle  motile 
system. 
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Background:  The  previous  report  described  the  oxidative  release  of  acid  in 
a  suspension  of  E.  coli  membranes.  The  release  appeared  to  occur  in  two 
phases  with  a  4  electron  transfer  in  the  region  of  '^^315  mV  to  340  MV  and  a 
2  electron  transfer  from  '\^340  mV  to  '^'400  mV.  It  was  also  found  that  a  spec- 
tral change  representative  of  the  class  of  iron-sulfur  proteins  accompanied 
this  process.  The  present  report  provides  much  more  information  on  these 
phenomena. 

Major  findings:  Because  iron-sulfur  proteins  are  notoriously  labile  to  acid, 
the  automated  electrodic  oxidizing  system  used  in  this  work  was  modified  to 
include  a  pH  stat  which  introduced  measured  amounts  of  sodium  hydroxide  as 
needed  to  keep  the  pH  near  neutrality.  Under  controlled  pH  conditions,  it 
was  found  that  the  acid  release  phenomenon  was  really  monophasic;  the  slow- 
ing down  phase  previously  seen  at  higher  voltage  reflected  the  moving  of 
the  system  away  from  its  optimal  pH.  The  actual  range  during  which  all  of 
the  acid  is  released  is  between  '^^320  and  '^'330  mV,  indicating  a  4  to  8  elec- 
tron transfer  process.  There  is  a  unique  class  of  iron  sulfur  proteins, 
called  high  potential  iron  sulfur  proteins  or  HIPIPS  which  has  redox  poten- 
tials at  about  330  mV.  The  HIPIPS  differ  from  other  iron  sulfur  proteins 
in  that  they  are  paramagnetic  in  the  oxidized  state  and  their  EPR  signal  is 
found  at  g  %  2.06  rather  than  at  g  %  1.94.  We  established  that  our  active 
protein  was  a  new  kind  of  HIPIP.  A  pronounced  EPR  signal  at  g  =  2.06  arose 
on  oxidation  in  the  same  narrow  voltage  range  that  elicited  acid  release  and 
the  spectral  change.   The  aspects  which  are  entirely  unique  to  our  HIPIP 
are:  its  ability  to  transfer  4  to  8  electrons,  its  apparent  involvement  in 
respiration- linked  acid  generation,  its  location  in  an  electron  transport 
chain,  its  unusual  EPR  saturation  behavior,  and  its  possible  interaction 
with  copper  (to  be  described  below).  We  have  been  successful  in  finding  a 
way  of  releasing  the  system  from  the  membranes  in  a  fully  active  form  by 
extraction  with  deoxycholate  (DOC)  at  0.4%  concentration.  This  separates 
the  HIPIP  from  the  cytochrome  oxidase  with  which  we  suspect  there  is  a  direct 
interaction  in  the  membrane.  When  the  DOC  extract  is  concentrated  by  filtra- 
tion through  an  Amicon  PM  10  filter,  it  is  found  that  the  concentrate  and 
filtrate  are  each  inactive,  but  fully  active  when  re-mixed.  The  two  frac- 
tions can  be  stored  frozen  indefinitely  at  -86  C.  The  activity  of  the  fil- 
trate was  lost  upon  fractionation  on  Dowex  1.  The  chloroform-extracted 
lipids,  however,  were  active.  Surprisingly,  Tris  buffer  can  partially  stimu- 
late the  PM  10  concentrate  and  this  effect  is  greatly  enhanced  if  DOC  is 
added  with  the  Tris.  Another  very   good  substitute  for  the  PM  10  filtrate 
of  the  DOC  extract,  is  a  cell  supernate  that  has  not  been  treated  with  DOC. 
It  thus  appears  that  the  system  has  a  lipid  requirement  that  can  be  partially 
satisfied  by  DOC  in  the  presence  of  Tris.  A  unique  aspect  of  the  controlled 
pH  oxidations  using  the  extracted  system  is  that  voltage  control  in  the 
critical  320  to  330  mV  region  is  very  much  more  difficult  than  that  with  the 
membrane-bound  system.  In  fact  it  is  sometimes  impossible.  It  was  learned 
that  the  addition  of  a  low  amount  of  CU++  (i.e.,  -^-40  yM)  brought  the  system 
under  control.  Cu++  was  acting  as  a  direct  participant  in  the  reactions  ra- 
ther than  as  a  simple  redox  buffer  because  higher  concentrations  which  pro- 
vided excellent  buffering  killed  the  acidification  response.  These  observa- 
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tions  are  extremely  interesting  because  copper  is  an  essential  component 
of  mammalian  cytochrome  oxidase  but  its  function  is  totally  unknown.  The 
redox  properties  of  the  HIPIP  studied  here  are  very  close  to  those  of  the 
cytochrome  oxidase  in  terms  of  redox  potential  and  number  of  electrons 
transferred.  When  the  HIPIP  is  in  the  membrane,  no  copper  has  to  be  added 
for  voltage  control  and  concommitant  acidification.  Although  E.  coli  cyto- 
chrome  oxidase  has  not  been  purified  and  the  presence  of  Cu+"'"  established, 
our  EPR  studies  show  that  a  copper-like  signal  does  arise  as  we  oxidize  this 
component.  A  time-course  study  of  the  rate  of  acidification  and  of  voltage 
changes  indicates  a  strong  correlation  between  the  supply  of  reducing  equi- 
valents by  the  bacterial  extract  and  the  release  of  acid.  This  provides 
evidence  that  the  acid  release  is  strongly  coupled  to  the  oxidation  of  the 
endogenous  electron  donor.  Calculations  of  the  amount  of  acid  generated  in 
terms  of  the  amount  of  bacterial  material  present  show  that  the  protons  are 
not  supplied  from  a  donor  source  provided  by  the  bacteria.  The  only  compo- 
nent present  which  has  sufficient  protons  available  is  the  phosphate  buffer. 
Increasing  the  concentration  of  phosphate  increases  acid  generation  and 
replacing  most  of  the  phosphate  with  other  buffers  decreases  acid  production. 
We  are  trying  to  obtain  more  direct  evidence  that  the  system  provides  free 
acid  by  a  process  which  separates  protons  from  phosphate. 

Proposed  course  of  project:  We  plan  to  continue  our  studies  of  the  acid- 
producing  phenomonon  in  order  to  isolate  the  component  involved  and  to  in- 
vestigate its  possible  role  in  the  conversion  of  redox  energy  to  metabolical- 
ly  usable  forms.  We  also  plan  to  study  purified  mammalian  mitochondrial 
cytochrome  oxidase  to  see  if  evidence  for  multielectron  transfers  can  be 
demonstrated  with  this  enzyme. 

Publications: 

Hendler,  Richard  W. ,  and  Shrager,  Richard  I.:  Potentiometric  Analysis  of 
Escherichia  coli  Cytochromes  in  the  Optical  Absorbance  Range  of  500  nm 
to  700  nm.  J.  Biol.  Chem.  254:  11288-11299,  1979. 
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Factor  "E"  involved  in  the  formation  of  a  DNA  synthesizing  complex  appears 
to  be  associated  with  membranes.  It  can  be  released  and  activated  by  deter- 
gent. Commercial  DNA  polymerase  I,  although  it  contains  only  a  single  poly- 
peptide, exists  in  two  separable  forms.  Only  one  of  these  is  involved  in 
complex  formation.  The  5'-»3'  exonuclease  portion  of  DNA  polymerase  I,  which 
is  essential  for  cell  viability,  is  also  essential  for  complex  formation  from 
DNA  polymerase,  when  "E"  is  added. 
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Background:  The  previous  report  established  that  the  bulk  of  natural  com- 
plex involving  DNA  polymerase  I  and  the  rec  BC  enzyme  is  found  concentrated 
in  the  membrane  fraction  of  E.  coli.  A  new  factor,  "E",  was  also  described 
which  was  essential  for  holding  complex  together  during  isolation  and  which, 
when  added  to  commercial  polymerase  I,  could  form  complex.  The  present  re- 
port confirms  and  extends  these  observations. 

Major  findings: 

A.  "E"  exists  in  the  cell  in  a  membrane- bound  form. 

Evidence:  (1)  It  is  sedimented  in  a  centrifugal  field  with  the  mem- 
branes. (2)  It  is  found  in  the  void  volume  of  a  gel  column  which 
excludes  molecules  >  50  x  10^  daltons.  It  is  also  excluded  from  a  3% 
agarose-acryl amide  electrophoresis  gel.  (3)  It  is  released  into  a 
lOOKg  supernatant  fraction  and  also  markedly  stimulated  when  the  par- 
ticulate material  is  treated  with  deoxycholate.  The  activity  is  also 
stimulated  by  Triton  x-lOO  in  the  electrophoresis  gel  or  in  the  assay 
cocktail.  (4)  Detergent  released  "E"  mixed  with  polymerase  I  shows 
far  less  activity  in  the  pocket  of  an  8%  acryl amide  electrophoresis 
gel  and  much  more  activity  running  included. 

B.  Commercially  purified  E.  coli  DNA  polymerase  I  contains  two  forms  of 
enzyme.  Only  one  of  these  forms  is  competent  to  form  complex  when 
treated  with  "E". 

Evidence:  (1)  Polymerase  I  in  PAGE  (i.e.  polyacry! amide  gel  electro- 
phoresis)' shows  two  active  components  at  Rf  'vO.62  and  '^^.71.  (2)  Natur- 
al complex  shows  one  active  component  at  Rf  '^0.54.  (3)  Upon  further 
purification,  natural  complex  dissociates  yielding  an  active  polymerase 
product  which  runs  exactly  to  the  position  of  the  slower  of  the  two 
polymerase  spots.  This  material  could  then  be  converted  back  to  com- 
plex by  treating  it  with  "E".  (4)  Adding  "E"  to  polymerase  I  also 
forms  the  component  which  migrates  at  '\'0.54.  This  appears  to  be  accom- 
panied by  the  loss  of  the  slower  of  the  two  polymerase  spots.  (5)  When 
polymerase  I  is  subjected  to  PAGE  at  a  concentration  where  no  activity 
is  seen  with  native  DNA,  adding  "E"  to  the  gel  assay  cocktail  reveals 
activity  at  the  position  of  the  slower  spot  of  polymerase  I.  When 
Triton  and  DOC  are  present  in  the  PAGE  system,  polymerase  I  again 
shows  two  active  components.  However,  the  slower  component  now  is 
found  at  Rf  -^0.27  and  the  faster  at  ■^^0.62.  Natural  complex  in  this 
system  is  slowed  to  about  Rf  0.33.  (6)  Adding  increasing  amounts  of 
"E"  to  a  fixed  amount  of  polymerase  I  leads  to  a  disappearance  of  the 
slower  polymerase  spot  and  a  concommitant  appearance  of  complex  at 
Rf  '>^0.33.  (7)  The  competent  form  of  polymerase  represents  only  a  small 
modification  of  the  molecule.  This  is  because  in  SDS  PAGE  only  one 
predominant  peptide  is  seen.  The  alteration  is  most  likely  one  of 
conformation,  state  of  aggregation  or  presence  of  an  adjunct  which  can 
markedly  retard  its  migration  in  the  detergent-containing  PAGE.  A 
likely  candidate  for  this  latter  possibility  is  a  lipid.  (8)  Further 
light  on  the  requirements  in  the  polymerase  molecule  which  allow  it  to 
be  converted  to  complex  is  the  observation  that  a  large  fragment  formed 
from  the  molecule  by  limited  proteolysis  can  not  be  converted  to 
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complex.  This  large  fragment  contains  70%  of  the  molecule,  all  of  its 
polymerase  activity  and  all  of  its  3'-^5'  exonuclease  activity.  It  is 
most  interesting  that  the  loss  of  the  small  fragment  which  contains  the 
5'->3'  exonuclease  activity,  which  is  the  only  part  of  polymerase  I  that 
is  absolutely  essential  for  viability,  also  prevents  the  formation  of 
complex. 
C.   A  gel  electrophoresis  eluting,  concentrating  and  recovery  apparatus  was 
developed  which  utilizes  the  existing  disc  PAGE  apparatus.  It  is  pos- 
sible now  to  run  a  thick  preparative  gel,  cut  out  the  band  of  interest 
and  recover  the  active  material  in  a  collection  cup.  This  cup  can  then 
be  fit  in  a  flow  dialysis  apparatus  to  change  its  buffer,  if  desired, 
for  subsequent  work-up. 

Proposed  course  of  project:  Because  of  growing  requirements  for  additional 
help  on  the  other  major  activity  in  the  section,  namely  a  study  of  bioener- 
getics,  the  effort  expended  on  the  DNA  problem  will  be  decreased.  Neverthe- 
less, we  will  try  to  explore  the  nature  and  functions  of  this  intriguing  bio- 
logical complex  involving  DNA  polymerase  I,  and  also  the  mechanism  of  action 
of  "E". 

Publications:  None 
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Project  Description 

Objectives:  Generally,  it  was  assumed  that  the  C- terminal  segment  of  the  a- 
chain  of  fibrinogen,  which  is  removed  very   fast  by  plasmin  (A-peptide  or  PI 
peptide),  is  a  polypeptide  in  a  random  coil  conformation.  Doubt  was  cast  on 
this  by  the  presence  of  Lys  and  Arg  residues  in  this  segment  which  are  not 
susceptible  to  trypsin  or  plasmin  attack.  In  the  present  studies  hydrodynamic 
measurements  were  performed  to  establish  the  shape  of  this  fragment,  as  well 
as  its  unfolding  in  the  presence  of  denaturing  agents. 

Methods  Employed:  Sedimentation  velocity,  sedimentation  equilibrium,  viscosity, 
gel  filtration  chromatography. 

Major  Findings:  All  the  hydrodynamic  data  suggest  that  the  large  C-terminal 
a-chain  fragment  of  fibrinogen  is  present  as  an  elongated  particle  with  an 
axial  ratio  of  about  1:10.  The  intrinsic  viscosity  in  nondenaturing  solvents 
is  9  ml/g  and  is  increased  to  about  16  ml/g  in  the  presence  of  5  M  guanidinium 
HCl .  This  clearly  shows  a  transition  from  a  tight  to  a  looser  conformation. 
However,  the  value  in  guanidine  is  lower  than  expected  for  a  random  coil  of 
24,000  molecular  weight.  Possibly  this  is  caused  by  the  peculiar  sequence  of 
this  chain,  for  which  guanidine  is  not  as  good  a  solvent  as  for  the  usual 
polypeptide  chains. 

Trypsin  cleaves  the  fragment  approximately  in  two  equal  parts  with  a  con- 
comitant reduction  of  the  asymmetry  of  the  original  particle.  This  suggests 
that  the  latter  had  two  domains  connected  by  a  loose  segment  accessible  to 
proteolytic  enzymes. 

Significance  to  Biomedical  Research:  The  PI  peptide  has  an  unusual  sequence 
and  a  peculiar  conformation.  These  were  preserved  in  the  molecule  probably 
because  they  have  a  function.  The  significance  of  this  work  will  depend 
naturally  on  finding  this  function. 

Proposed  Course:  Further  work  will  be  directed  mainly  to  finding  the  biological 
function  of  the  segment  of  the  fibrinogen  molecule  which  is  removed  as  peptide 
PI  in  the  early  phase  of  the  proteolytic  fragmentation. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  well  knov»/n  that  development  of  conformational  structure  depends  on  amino 
acid  sequence,  although  the  exact  relationship,  which  would  make  possible  a 
reliable  prediction  of  native  conformation  from  a  knowledge  of  primary  struc- 
ture, remains  unclear.  The  native  conformation  develops  from  the  randomly 
coiled  chain  of  the  denatured  (or  newly  synthesized)  protein  through  the 
influence  of  many  interactive  forces,  including  "nucleation",  whereby  a  transi- 
tion to  the  native  conformation  occurs  concommitantly  with  formation  of  SS 
bonds.  The  role  of  SS  bonds  in  this  process  is  not  well  understood,  but  it  is 
generally  assumed  that  they  have  a  stabilizing  function,  rather  than  a  positive 
influence  on  structure  formation.  Recent  work  in  this  laboratory  questions 
this  assumption,  and  further  work  is  in  progress  to  clarify  the  role  of  SS 
bonds  in  chain  folding. 
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Project  description 

Objective:  To  examine  conformational  structures  remaining  in  denatured 

proteins  as  they  relate  to  the  folding  process. 

Methods  employed: 

XT)  The  Gary- 60  Recording  Spectropolarimeter  was  used  for  all  studies  of 
circular  dichroism  (CD).  Processing  of  CD  data  was  done  with  the  PDP-10 
Computer,  employing  the  "MLAB"  system  of  curve  fitting. 

(2)  Methods  developed  in  this  laboratory  have  been  used  for  partial  and 
complete  reduction  of  SS  bonds. 

(3)  Amino  acid  analyses  (to  determine  the  reduction  level  by  measuring  the 
S-carboxymethylcysteine  content  of  the  carboxymethylated  reduced  protein) 
were  carried  out  on  a  Beckman  Model  120  automatic  amino  acid  analyzer. 

(4)  Protein  concentrations  (for  the  purpose  of  determining  extinction  coef- 
ficients of  partially  reduced  samples)  were  determined  by  the  method  of 
Lowry  (J.  Biol.  Chem.  193^:269  (1951)). 

(5)  Gel  filtration  columns  (Bio-Gel  P-60)  have  been  employed  as  a  means  of 
differentiating  between  monomeric  and  polymeric  forms  of  partially  and  fully 
reduced  proteins  under  a  variety  of  experimental  conditions. 

Major  findings:  Earlier  (Project  No.  ZOl  HL  00405-05  LCB),  experimental  obser- 
vations were  described,  which  were  compatible  with  the  concept  that  native 
SS  bond  formation  was  a  prerequisite  for  the  normal  course  of  conformational 
development  within  the  fully  reduced  (or  newly  synthesized)  protein. 

In  a  further  study  of  lysozyme  reduction  under  non-denaturing  conditions, 
the  ratio  of  chain  length  fraction  as  alpha-helix  to  that  present  as  beta 
structure,  showed  a  marked  decrease  at  the  half-reduced  level  with  no  signifi- 
cant difference  from  that  point  to  full  reduction.  This  is  a  further  indica- 
tion that  transition  from  native  to  denatured  structure  occurs  with  cleavage 
of  the  second  SS  bond. 

A  detailed  study  has  been  made  on  the  effects  of  partial  reduction  on 
the  extinction  coefficient  of  lysozyme.  This  value  is  necessary  for  an  ac- 
curate calculation  of  protein  concentration,  which,  in  turn,  must  be  known 
for  determination  of  ellipticity  values.  Also,  additional  information  can  be 
obtained  on  the  nature  of  the  structural  changes  that  occur  with  reduction. 

Thus,  the  native  value  for  Ejgjj,  at  280  mn  (27.1)  remains  nearly  un- 
changed until  the  three- fourths  reduction  level  is  reached,  and  then  falls  to 
the  fully  denatured  extinction  of  22.7  as  full  reduction  is  approached. 
While  no  significant  difference  is  seen  between  these  levels  by  CD,  which 
measures  secondary  structure,  there  remains  a  tertiary  interaction,  probably 
involving  hydrogen  bonding  of  tyrosine,  to  account  for  the  persistence  of 
native  extinction  to  the  3/4  reduction  level.  Enzymatic  activity,  on  the 
other  hand,  more  nearly  follows  the  course  of  the  alpha/beta  ratio.  At  the 
half-reduced  level,  the  protein  exhibits  2-5%  of  the  specific  activity  of 
the  native  enzyme,  while  at  the  fully  reduced  level  it  is  non-existent.  It 
is  not  yet  possible  to  differentiate  between  the  possible  contamination  of 
the  half-reduced  protein  with  active  material,  and  a  possible  inherent  acti- 
vity at  this  level . 

Earlier  (Project  No.  ZOl  HL  00405-05  LCB),  it  was  reported  that  methanol 
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influences  reduced  lysozyme  to  assume  a  CD  behavior  interpreted  by  other 
workers  as  indicating  a  return  to  native  structure.  Curve  fitting  of  the 
CD  data,  however,  had  shown  this  structure  not  to  resemble  that  of  the  na- 
tive protein.  It  would  be  crucial  to  know,  for  the  theory  of  chain  folding, 
if  the  "nucleative"  forces  within  the  fully  reduced  chain  would  suffice  for 
folding  to  native  secondary  structure  in  the  absence  of  SS  formation. 

In  a  continuation  of  this  effort,  partially  and  fully  reduced  lysozyme 
samples  in  various  concentrations  of  methanol  up  to  20"b  (V/v)  were  chrorna- 
tographed  on  columns  of  Bio-Gel  P-60,  which  can  differentiate  between  mole- 
cular weights  under  60,000.  From  all  such  experiments,  only  two  peaks  have 
been  obtained:  a  monomer,  and  a  polymer,  with  the  latter  moving  near  the 
front  and  thus  representing  a  molecular  weight  of  ^60,000.  With  increasing 
methanol  concentration,  the  polymer  peak  increased  in  size  while  the  monomer 
decreased. 

The  critical  observation  from  these  experiments  is  that  the  CD  behavior 
of  the  monomer  proved  to  be  constant  regardless  of  methanol  concentration  and 
closely  matched  that  obtained  for  the  same  protein  in  the  absence  of  methanol. 
Therefore,  methanol  did  not  change  CD  behavior  of  the  monomer,  a  further 
indication  of  the  inability  of  the  denatured  chain  to  "nucleate"  in  the  absence 
of  SS  formation.  It  is  further  significant  that  these  results  are  contrary  to 
the  widely  accepted  principle  that  organic  solvents  have  profound  effects  on 
polypeptide  secondary  structure.  Thus,  many  reported  observations  to  that 
effect  may  have  been  the  result  of  polymer  formation,  rather  than  changes  in 
secondary  structure. 

Significance  to  bio-medical  research:  This  effort  is  aimed  at  further  eluci- 
dation of  the  mechanism  of  chain  folding.  Such  information  may  contribute 
to  understanding  better  the  relationship  between  primary  structure  and  pro- 
tein conformation,  and  may  ultimately  make  possible  the  reliable  prediction 
of  native  conformation  from  knowledge  of  amino  acid  sequence.  This  capabil- 
ity would  be  basic  to  the  attack  of  many  problems  relating  to  the  biological 
functions  of  proteins  occurring  in  various  conformations. 

Proposed  course  of  project:  Further  experiments  are  contemplated,  to  deter- 
mine the  relationship  between  specific  SS  bonds  and  secondary  structure. 

Publications:  None 
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SUMMARY   OF   WORK   (200   words   or   less  -   underline  J<eywords) 

Steady-State  and  pre- steady- state  kinetic  studies  on  the  interaction  of  actin, 
myosin-subfragment-one  (S-1)  and  ATP  were  carried  out  to  better  elucidate  the 
mechanism  of  the  actin  activated  myosin  ATPase.  In  particular,  we  tested  whether 
there  is  mandatory  detachment  of  myosin  from  actin  during  each  cycle  of  ATP  hy- 
drolysis as  proposed  by  the  Lymn-Taylor  model .  Our  studies  on  the  rate  and  mag- 
nitude of  the  ATP  hydrolysis  step  (initial  PTburst)in  the  presence  of  actin  are  i 
strong  contradiction  to  the  predictions  of  the  Lymn-Taylor  model  that  this  step 
only  occurs  when  the  myosin-ATP  is  detached  from  actin.  We  find  that  the  Lymn- 
Taylor  model  cannot  simultaneously  fit  the  steady  state  and  pre-steady-state  kin- 
etic data.  Therefore  our  results  show  that  myosin  does  not  detach  from  actin 
during  each  cycle  of  ATP  hydrolysis;  the  ATP  hydrolysis  step  occurs  at  an  even 
faster  rate  when  the  myosin  ATP  is  bound  to  actin  than  when  it  is  dissociated 
from  actin. 
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Project  Description 


Objectives:     The  accepted  mechanism  for  the  contraction  of  muscle  in  vivo  in- 
volves the  interaction  of  actin  and  myosin  filaments.     However,  the  exact  na- 
ture of  the  energy  transduction  mechanism  by  which  the  energy  stored  in  the 
ATP  molecule  (relative  to  ADP  and  Pi)   is  converted  to  useful  work  is  not  well 
understood.     By  studying  the  biochemical    interaction  of  actin  and  myosin  in 
vitro  we  hope  to  gain  insight  into  the  in  vivo  energy  transduction  mechanism. 
Last  year,  we  proposed  a  new  model   for  the  actin-activated  myosin  subfrag- 
ment-1   (S-1)  ATPase  activity.     This  model  was  based  on  pre-steady-state  and 
steady-state  studies  of  the  binding  of  S-1  to  actin  in  the  presence  of  ATP, 
and  the  fact  that  n£  inhibition  of  the  actin-activated  ATPase  by  actin  had 
ever  been  observed: 


M^ 


M-ATP. 


::?M-ADP.Pi, 


'A-M-ATP 


A-M-ADP-Pi 


R' 


-M-ADP-Pi 


A-M-ADP-Pi 
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where  M  =  myosin  and  A  =  actin.  In  this  model,  instead  of  the  S-1  molecule 
cycling  between  states  bound  to  and  dissociated  from  actin,  the  S-1  cycles  be- 
tween states  weakly  bound  to  actin  (M-ATP,  M-ADP-Pi^  and  M-ADP-Pifj)  and  states 
strongly  bound  to  actin  (M-ADP  and  M).  As  in  the  original  refractory  state 

model  there  is  a  special  rate-limiting  step  (M-ADP-Pip ^-M-ADP-Pi^)  but  in 

contrast  to  the  previous  model,  this  step  can  occur  with  the  S-1  either  bound 
to  or  dissociated  from  actin. 

During  the  past  year,  we  have  tested  a  key  feature  of  this  model:  that 
there  is  no  mandatory  detachment  step,  i.e.,  that  it  is  not  required  for  myo- 
sin to  detach  from  actin  during  each  cycle  of  ATP  hydrolysis.  The  most  direct 
method  of  determining  whether,  a  mandatory  detachment  step  occurs  during  the 
ATPase  cycle  is  to  study  the  effect  of  actin  on  the  initial  Pi  burst,  itself, 
since  this  is  the  step  in  which  the  Lymn-Taylor  model  occurs  only  with  the  S-1 
dissociated  from  actin.  Therefore  in  the  present  study  we  tested  the  effect  of 
actin  on  both  the  rate  and  magnitude  of  the  initial  Pi  burst. 


Methods  and  Findings:  Because,  in  the  Lymn-Taylor  model, 
only  occurs  with  the  S-1  dissociated  from  actin,  mathemat 
that  this  model  makes  ^ery  different  predictions  for  the 
the  initial  Pi  burst  than  does  our  model.  The  Lymn-Taylo 
as  the  actin  concentration  is  increased,  the  rate  of  the 
either  decrease  or  remain  nearly  constant.  It  also  predi 
tude  of  the  initial  Pi  burst  will  markedly  decrease  at  hi 
tion.  We  tested  these  predictions  by  using  fluorescence 
sure  the  rate  of  the  initial  Pi  burst  and  by  using  direct 
sure  the  magnitude  of  the  initial  Pi  burst.  We  also  used 
to  determine  the  steady-state  ATPase  rate  at  "Jery   high  ac 
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where  the  Lymn-Taylor  model   predicts  marked  inhibition  should  occur.     In  all 
cases  our  results  were  inconsistent  with  the  predictions  of  the  Lymn-Taylor 
model.     At  high  actin  concentrations  the  rate  of  the  initial   Pi   burst  increased 
markedly,  the  magnitude  of  the  initial   Pi  burst  decreased  only  slightly  and         i 
there  was  no  inhibition  of  the  steady-state  ATPase  activity.     These  results         ' 
were  not  consistent  with  the  Lymn-Taylor  model   but  they  could  be  accounted  for 
by  our  kinetic  model  for  the  actomyosin  ATPase.     We  therefore  conclude  that 
the  ATP  hydrolysis  step  can  occur  with  the  S-1  bound  to  actin;   there  is  no 
mandatory  dissociated  of  the  actin  and  myosin  during  each  cycle  of  ATP  hydro- 
lysis.    This  work  is  presently  being  prepared  for  publication. 

Proposed  Course  of  Project:     Having  shown  that  the  ATP  hydrolysis  step  occurs 
with  the  S-1  bound  to  actin,  we  now  plan  to  provide  further  evidence  for  the 
second  major  feature  of  our  kinetic  model   --  that  the  rate-limiting  step  oc- 
curs with  the  S-1  both  unattached  and  attached  to  actin.     The  key  manifesta- 
tion of  this  feature  of  our  model    is  that  the  binding  constant  of  M-ATP  and 
M-ADP-Pi   to  actin  is  considerably  weaker  than  the  Kapp  for  the  ATPase  activity. 
Using  the  purified  isoenzymes  of  S-1,  A-l-S-1,  and  A-2-S-1  which  differ  in 
their  Kgpp,  we  wiill   thorougly  investigate  the  ionic  strength  and  temperature 
dependence  of  Kgnp  and  the  binding  constant  of  M-ATP  and  M-ADP-Pi   to  actin. 
In  this  way  we  should  be  able  to  conclusively  demonstrate  that  our  kinetic  mo- 
del  is  the  simplest  model  which  can  account  for  the  acto-S-1  ATPase  activity. 

Publications 

Stein,   L.A.,  Schwarz,  R.P.,  Chock,   P.B.,  and  Eisenberg,   E.:     Mechanism  of  acto- 
myosin adenosine  triphosphatase.     Evidence  that  adenosine  5" -triphosphate  hy- 
drolysis can  occur  without  dissociation  of  the  actomyosin  complex.     Biochemistry 
18:3895-3909,    1979. 

Adelstein,  R.   S.,  and  Eisenberg,  E. :     Regulation  and  kinetics  of  the  actin 
myosin-ATP  interaction.     Ann.   Rev.   Biochem.  49:  921-956^  1980 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  very  sensitive  and  stable  ApH  meter  was  developed  allowing  the  measurement 
of  ApH  in  the  range  of  a  few  ten-thousandths  of  a  pH  unit  per  minute.  With 
this  meter  we  have  learned  that  succinoxidase  vesicles  prepared  by  a  variety 
of  techniques  are  capable  of  net  proton  ejection  with  about  10%  the  H+/0 
ratio  as  intact  membranes.  The  principal  reasons  why  the  measured  ratio  is 
not  higher  appear  to  include  an  impairment  in  substrate  transport,  membranes 
that  are  leaky  to  protons,  and  extent  of  true  asymmetric  reconstitution. 
Attempts  are  underway  to  obtain  reconstituted  membranes  with  maximal  H+/0 
ratios. 
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Major  findings:  The  current  studies  are  the  first  to  show  that  succinoxidase, 
a  complex  multi -enzyme  network  requiring  strict  spatial  orientation  in  a 
membrane,  can  be  reconstituted  from  soluble  components  with  energy  transducing 
capability.  However,  the  net  number  of  protons  ejected  per  atom  of  oxygen 
reduced  is  only  about  10%  of  that  seen  in  the  native  membrane.  Because  of 
this,  the  change  in  millivolts  of  the  pH  signal  approached  the  noise  level 
of  the  highly  sophisticated  commercial  volt  meter  used  in  these  studies, 
introducing  serious  uncertainty  in  the  quantitative  measurements.  In  order 
to  proceed  further  with  this  problem,  it  became  necessary  to  develop  an 
extremely  sensitive  and  stable  new  kind  of  ApH  meter.  This  was  eventually 
accomplished  in  collaboration  with  Walter  Friauf,  Chief  of  the  Electrical 
and  Electronic  Engineering  Section,  BEIB. 

This  new  meter  works  on  the  principle  of  null  point  rejection  and  employs  a 
pair  of  matched  and  extremely  quiet  amplifiers.  A  heavy  metal  cable  shield 
picks  up  extraneous  signals.  This  shield  signal  is  fed  into  both  amplifiers 
plus  the  pH  signal  in  one  and  the  reference  signal  in  the  other.  This  plus 
other  changes  in  the  system  and  immediate  environment  allows  the  measurement 
of  changes  of  a  few  ten- thousandths  of  a  pH  unit  per  minute  to  be  made  re- 
producibly  and  with  confidence.  With  this  new  instrumentation  several  differ- 
ent techniques  for  reconstitution  were  evaluated.  These  included  gel  filtra- 
tion, Dowex  1,  BioRAD  SMo  Biobeads,  and  dialysis.  The  highest  extent  of  pro- 
ton ejection  was  obtained  with  the  dialysis  procedure;  Gel  filtration  and  the 
Biobeads  gave  results  with  lower  efficiency  and  the  Dowex  procedure  depressed 
succinoxidase  activity.  Proton  ejection  of  vesicles  formed  by  gel  filtration 
could  be  enhanced  by  pre-incubating  with  succinate,  indicating  that  succinate 
transport  may  be  a  limiting  factor  in  the  response  of  the  reconstituted  vesi- 
cles. However,  the  most  serious  limitation  in  obtaining  high  ratios  for  H"*" 
ejection  to  O2  reduction  is  that  the  reconstituted  membranes  are  leaky  to 
protons  and  are  thus  uncoupled.  A  series  of  important  controls  was  performed 
to  show  that  the  reconstituted  membranes  are  truly  capable  of  transducing  a 
portion  of  the  succinoxidase  respiratory  energy  into  an  electrochemical  po- 
tential. For  example,  when  succinoxidase  activity  is  suppressed  by  four 
different  techniques,  namely  (1)  replacing  oxygen  with  nitrogen;  (2)  adding 
malonate;  (3)  removing  substrate;  (4)  adding  cyanide,  no  proton  ejection 
occurs.  On  the  other  hand,  when  very  high  oxidase  activity  is  elicited  by 
D-lactate  in  place  of  succinate,  no  proton  ejection  is  seen. 

Proposed  course  of  project:  Other  techniques  for  reconstitution  will  be  tried 
in  order  to  obtain  higher  H'''/0  ratios.  The  vesicles  obtained  by  reconstitution 
will  be  fractionated  in  order  to  see  if  a  population  of  high  efficiency  vesicles 
exist  in  a  mixture  with  inactive  vesicles. 
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.SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  binding  of  myosin  subfragment-one  (S=l)  to  the  F-actin-troponin-tropomyosin 
complex  (regulated  F-actin)  vias  examined  in  the  presence  of  ADP  at  m=0.22M,  22  C 
S-l-ADP  binds  with  positive  cooperativity  to  regulated  F-actin,  both  in  the  pre- 
sence and  absence  of  calcium,  while  it  binds  independently  to  unregulated  actin. 
With  and  without  Ca^^  at  very  low  levels  of  occupancy  of  the  regulated  actin  by 
■1-ADP,  S-l-ADP  binds  about  3-fold  more  strongly  to  the  regulated  actin  than  it 
does  to  unregulated  actin.  The  major  difference  between  the  results  obtained  in 
the  presence  and  absence  of  Ca2+  with  regulated  actin  is  that  in  the  absence  of 
:a2+,  the  binding  of  S-l-ADP  remains  weak  until  a  higher  free  S-l-ADP  concentra- 
tion is  reached  and  the  transition  to  strong  binding  is  much  more  cooperative. 
These  results  are  consistent  with  a  cooperative  binding  model  where  the  regulated 
actin  filament  can  exist  in  two  forms,  a  weak  binding  and  a  strong  binding  form 
/^ith  Ca2+  and  S-l-ADP  as  allosteric  effectors  shifting  the  equilibrium  between^ 
the  two  forms.  These  studies  also  show  that  troponin- tropomyosin  has  the  ability 
to  greatly  weaken  the  binding  of  S-l-ADP  to  actin,  both  in  the  presence  and  ab- 
sence of  Ca2+,  although  as  shown  in  the  accompanying  annual  report  (00417-(D1)  the 
troponin-tropomyosin  has  almost  no  effect  on  the  binding  of  S-l-ATP  to  actin 
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Project  Description 

Objectives:      In  skeletal  muscle,   the  regulation  of  muscle  contraction  appears 
to  be  controlled  by  the  troponin- tropomyosin  complex  which  binds  to  the  actin 
filament  to  form  regulated  F-actin.     The  most  widely  accepted  mechanism  of 
troponin-tropomyosin  actin  is  the  steric  blocking  model   of  Huxley  and  Haselgrove 
which  suggests  that  the  position  of  the  tropomyosin  molecule  on  the  actin  fil- 
ament controls  the  actin-myosin  interaction.     Since  the  tropomyosin  molecule 
spans  a  unit  of  seven  F-actin  monomers,  the  position  of  the  tropomyosin  is 
thought  to  be  effective  over  the  entire  actin  unit  and,  therefore,   this  model 
suggests  that  cooperativity  is  an  inherent  part  of  regulation. 

On  a  biochemical   level,  cooperative  responses  of  the  ATPase  activity  of  reg- 
ulated acto-S-1  have  previously  been  observed  both  in  the  presence  and  absence 
of  calcium.     However,  equilibrium  binding  studies  of  S-1  to  regulated  actin 
have  not  previously  been  carried  out.     Since  the  cooperative  responses  observed 
with  regulated  acto-S-1  are  fundamental   to  our  understanding  of  the  biochemical 
basis  of  regulation,   the  biriding  of  S-1  to  regulated  actin  was  examined  under 
equilibrium  conditions  both  in  the  presence  and  absence  of  calcium. 

Methods  Employed  and  Major  Findings:     The  binding  of  S-1  to  regulated  F-actin 
was  examined  under  varying  conditions  both  in  the  presence  and  absence  of  cal- 
cium.    These  studies  were  performed  by  mixing  varying  concentrations  of  S-1 
blocked  at  SHi  with  [^4c]-iodoacetamide  with  regulated  F-actin.     After  centri- 
fuging  the  acto-S-1  complex,  the  concentration  of  S-1  which  remained  in  the 
supernatant  was  measured  to  determine  the  extent  of  binding. 

In  the  presence  of  ADP  at  y=0.22M,   22°,  S-l-ADP  binds  with  positive  coopera- 
tivity to  regulated  F-actin  both  in  the  presence  and  absence  of  calcium,  while 
it  binds  independently  to  unregulated  F-actin.     With  and  without  calcium  at 
very  low  levels  of  occupancy  of  the  regulated  actin  by  S-l-ADP,   S-l-ADP  binds 
over  100-fold  more  weakly  to  the  regulated  actin  than  it  does  to  unregulated 
actin,  whereas  at  high  levels  of  occupancy,  S-l-ADP  binds  about  3-fold  more 
strongly  to  the  regulated  actin  than  to  unregulated  actin.     These  results  are 
consistent  with  a  typical   cooperative  binding  model  where  the  regulated  actin 
filament  can  exist  in  two  forms,  a  weak  binding  and  a  strong  binding  form. 
Calcium  and  S-l-ADP,  acting  as  allosteric  effectors,  shift  the  equilibrium 
toward  the  strong  form. 

The  binding  of  S-1  to  regulated  actin  was  also  examined  at  low  ionic  strength, 
conditions  where  the  ATPase  activity  of  regulated  acto  S-1  is  studiled.     These 
experiments  were  done  in  the  presence  of  AMP-PNP  to  obtain  detectable  dissocia- 
tion of  the  acto-S-1  complex.     Similar  to  the  results  obtained  at  higher  ionic 
strength,   the  binding  of  S-TAMP-PNP  to  regulated  actin  at  y=0.05M,  22°,  showed 
cooperativity  both  in  the  presence  and  absence  of  calcium.     Cooperative  binding 
of  S-1  alone  to  regulated  actin  has  been  observed  in  the  absence  of  calcium  at 
high  ionic  strength. 

These  studies  show  that  troponin-tropomyosin  has  the  ability  to  greatly 
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weaken  the  binding  of  S-l-ADP  and  S-1  to  actin,  both  in  the  presence  and  absence 
of  Ca^""",  although,  as  shown  in  the  accompanying  annual  report,  the  troponin- 
tropomyosin  has  almost  no  effect  on  the  binding  of  S-l-ATP  to  actin.  Inhibi- 
tion of  S-l-ADR  binding  to  actin  could  be  related  to  blocking  the  release  of 
Pi  from  the  S-1-ADP-Pi  complex,  i.e.,  to  the  formation  of  S-l-ADP  from  S-l-ADP- 
Pi.  As  pointed  out  in  the  accompanying  annual  report,  inhibition  of  Pi  release 
could  be  the  mechanism  by  which  troponin-tropomyosin  inhibits  the  acto-S-1 
ATPase  in  the  absence  of  Ca2+.  The  differential  effect  of  troponin-tropomyosin 
on  S-l-ATP  and  S-l-ADP  binding  also  supports  the  view  that  S-l-ATP  and  S-l-ADP 
bind  in  different  ways,  i.e,,  perhaps  at  different  angles,  to  actin. 

Significance  to  Biomedical  Research:  The  interaction  of  myosin  with  regulated 
actin  both  in  the  presence  and  absence  of  calcium  is  fundamental  to  understand- 
ing the  molecular  basis  of  regulation.  This  research  helps  to  elucidate  the 
relationship  between  the  cooperative  response  and  the  mechanism  of  relaxation. 

Proposed  Course  of  Research:  The  plan  for  this  project  is  to  continue  exam- 
ining  the  binding  of  S-1  to  regulated  actin.  First,  to  test  the  cooperative 
model  we  have  developed  for  this  system  in  cooperation  with  Dr.  Terrell  Hill 
(see  accompanying  annual  report),  the  ef fleet  of  different  nucleotides  on  the 
cooperative  response  will  be  examined.  This  is  a  test  of  our  model  since 
the  model  predicts  that  the  cooperative  response  will  be  independent  of  nucleo- 
tide. The  effect  of  calcium  concentration  on  the  binding  of  S-1  to  regulated 
actin  will  also  be  examined  to  see  if  the  results  fit  the  predictions  of  our 
model.  To  determine  their  role  in  the  cooperative  response,  the  effect  of 
pure  tropomyosin,  tropomyosin  cleaved  at  its  ends  (so  adjacent  tropomyosin  mol- 
ecules cannot  interact),  and  the  individual  troponin  components  on  the  binding 
of  S-1  to  regulated  actin  will  be  determined.  In  addition,  the  binding  of 
heavy  meromyosin  to  regulated  actin  will  be  examined  to  determine  the  coopera- 
tive response  which  occurs  with  this  two-headed  fragment  of  myosin. 

Another  aspect  of  this  projett  is  to  determine  the  relationship  between  the 
weak  form  of  actin  and  the  ATPase  activity  of  regulated  acto-S-1,  i.e.,  to  de- 
termine whether  the  weak  form  alone,  either  in  the  presence  or  absence  of  cal- 
cium, is  sufficient  to  inhibit  the  ATPase  activity.  This  will  be  done  in  col- 
laboration with  Dr.  Joseph  Chalovich  where  the  proportion  of  actin  in  the  weak 
form  in  calcium  will  be  correlated  with  the  actin  activation  of  regulated  acto- 
S-1  in  the  presence  of  calcium.  In  addition,  ATPase  activities  of  acto-S-1  and 
binding  studies  will  be  conducted  in  the  presence  of  tropomyosin  using  Acantha- 
moeba  actin.  Since  there  is  no  inhibition  of  ATPase  activity  with  Acanthamoeba 
actin  in  the  presence  of  tropomyosin,  it  is  important  to  establish  whether  S-1 
binds  cooperatively  to  the  tropomyosin-Acanthamoeba  actin  complex. 

Publications 

G>^eene,  L.E,,  and  Eisenberg,  E.  The  binding  of  heavy  meromyosin  to  F-actin. 
J.  Biol.  Chem.  255:549-554,  1980. 
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Greene,  L.E.  and  Eisenberg,  E.  Cooperative  binding  of  myosin  subfraqment-one 
to  the  actin-troponin-tropomyosin  complex.  Proc.'Hatl.  Acad'.  Sci .  USA  77:2616- 
2620.  ~ 

Greene,  L.E.,  and  Eisenberg,  E.  Dissociation  of  the  actin*subfragment-one 
complex  by  adenyl-5'-yl  imidodiphosphate,  ADP,  and  PP,.  J.  Biol.  Chem.  255  #2: 
543-548,  1980.  


A'/8 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  HL  00415-02  LCB 


PERIOD  COVERED 

October  1.  1979  to  September  30.  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Models  of  Muscle  Contraction 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:  Evan  Eisenberg 

Others:     Lois  Greene 
Terrell   Hill 


Section  fieadi  Cellular  Physiology 

Staff  Fellow 
Section  Head,  TMB 


LCB,NHLBI 

LCB,NHLBI 
LMB,NIAMDD 


COOPERATING  UNITS  (if  any) 

Theoretical  Molecular  Biology,   Laboratory  of  Molecular  Biology,   NIAMDD 


lab/branch 

Laboratory  of  Cell  Biology 


SECTION 

Cellular  Physiology 


NSTITUTE  AND  LOCATION 

National  Heart,  Lung,  and  Blood  Institute,  NIH,  Bethesda,  MD  20205 


TOTAL  MANYEARS: 

.50 


PROFESSIONAL: 


,50 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
Q  (a)  HUMAN  SUBJECTS 

D  (al)  MINORS   0  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


)Q  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)     ...  .,      ,  ,- •   ^ 

Modelling  of  several   aspects  of  muscle  contraction  is  presently  underv/ay.     First 
we  are  quantitatively  modelling  our  new  cross-bridge  model  which  is  based  on  the 
concept  that  the  myosin  cross-bridge  oscillates  between  states  weakly  bound  to 
actin  with  a  preferred  angle  of  about  90°  and  states  strongly  bound  to  actin  with 
a  preferred  angle  of  about  45°.     The  former  states  have  bound  ATP  or  ADP  +  Pi 
while  the  latter  states  have  no  bound  Pi.     The  concept  of  two  major  types  of 
cross-bridge  states  is  combined  with  the  biochemical   concept  of  rapid  equilibria 
between  attached  and  detached  states  ahd  the  physiological   concept  of  an  elastic 
cross-bridge  to  allow  a  model   in  which  the  myosin  does  not  detach  from  actin  dur- 
ing each  cycle  of  cross-bridge  action  but  does  mechanically  detach  when  the 
muscle  is  shortening.     In  addition  to  modelling  cross-bridge  actin  in  vivo,  we 
are  currently  modelling  the  cooperative  actions  of  the  troponin-tropomyosin-actin 


complex  which  we  have  observed  in  our  experimental  work.     This  involves  detailed 
modelling  of  the  cooperative  binding  of  myosin -ADP  to  the  troponin-tropomyosin- 
actin  complex,  a  phenomenon  which  we  have  observed  in  our  experimental  work.     It 
also  involves  modelling  the  cooperative  effects  of  troponin- tropomyosin  on  the 
steady-state  actin-activated  myosin  ATPase  activity. $^<jf 
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Project  Description 

Objectives:     It  is  now  generally  recognized  that  contraction  of  muscle  involves 
the  interaction  of  the  two  proteins,  actin  and  myosin,  with  ATP.     Based  on  our 
experimental  work,   both  with  ATP  and  with  ATP  analogues,  we  have  developed  a         , 
kinetic  model   for  the  actomyosin  ATPase  which  has  several  distinguishing  fea-       ' 
tures.     First,   the  binding  of  ATP  does  not  irreversibly  dissociate  the  acto- 
myosin complex  during  each  cycle  of  ATP  hydrolysisi  myosin-ATP  is  in  rapid 
equilibrium  with  actomyosin-ATP.     Second,  ATP  hydrolysis  can  occur  without  dis- 
sociation of  the  actomyosin  complex.     In  fact,   the  ATP  hydrolysis  step  may  be 
even  faster  when  the  myosin  is  attached  to  actin  than  when  it  is  dissociated 
from  actin.     Third,   the  slowest  step  in  the  cyctle  is  the  transition  from  the 
refractory  to  the  non-refractory  state  which  precedes  the  rapid  release  of  Pi 
and  can  occur  with  the  myosin  either  bound  to  or  dissociated  from  actin.     The 
theoretical   formalism  of  T.L.   Hill   provides  a  method  of  relating  this  kinetic 
model    to  cross-bridge  behavior  in  vivo.     We  have  previously  published  a  quali- 
tative model  of  cross-bridge  action  based  on  this  kinetic  model   and  are  present- 
ly developing  a  quantitative  version  of  this  in  vivo  cross-bridge  model. 

We  are  also  modelling  the  cooperative  action  of  the  troponin-tropomyosin 
complex  in  vitro.     This  modelling  is  directly  related  to  our  experimental  ob- 
servations on  the  cooperative  body  of  S-1,  and  its  various  nucleotide  complexes 
to  regulated  actin  filaments. 

Methods  Employed  and  Major  Findings;     The  cross-bridge  model  which  we  are  pre- 
sently quantitatively  modelling  has  the  following  major  features.     First,  and 
most  important,  the  myosin  cross-bridge  does  not  undergo  a  simple  attachment- 
detachment  cycle  in  vivo.     Rather,  the  cross-bridge  cycles  between  states  weak- 
ly attached  to  actin  at  about  90°  and  states  strongly  attached  to  actin  at  ab- 
out 45°.     Since  there  is  no  mandatory  detachment  step,   the  cross-bridge  only 
detaches  when  it  is  elastically  distorted  and  is  thus  in  rapid  equilibrium  with 
an  attached  state.     Second,   the  rapid  release  of  Pi   is  associated  with  the 
transition  from  the  90°  to  the  45°  state  and  the  rapid  recovery  of  force  in  the 
isomeric  transient.     Third,   the  rate-limiting  transition  from  the  refractory 
to  the  non-refractory  state  controls  the  shortening  velocity  by  limiting  the 
number  of  bridges  which  make  the  transition  from  the  90°  to  the  45°  state  and 
thus  go  through  a  complete  force-producing  cycle. 

One  of  the  important  features  of  our  quantitative  modelling  is  that,  for 
the  first  time,  we  are  including  almost  all   of  the  biochemical   states  observed 
in  vitro.     Therefore,  in  this  new  model    there  is  a  quantitative  correspondence 
between  the  relative  equilibrium  levels  of  biochemical   states  in  vitro  and 
their  relative  free  energy  in  vivo.     At  the  present  time  we  are  quantitatively 
modelling  the  rapid  isometric  transient  and  will   shortly  begin  modelling  the 
steady-state  force-velocity  curve. 

Turning  to  our  modelling  of  the  cooperative  effects  of  troponin-tropomyosin, 
our  first  effort  was  devoted  to  modelling  our  experimental  data  on  the  equili- 
brium binding  of  S-1  to  regulated  actin  filaments  both  in  the  presence  and  in 
the  absence  of  Ca''"'*'.      In  our  model,  each  tropomyosin- troponin  unit  (including 
seven  sites  on  the  actin  filament)  can  be  in  one  of  two  possible  states,  which 
have  different  intrinsic  free  energies  and  different  binding  constants  for  S-1. 
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Bound  S-1  molecules  do  not  interact  with  each  other.     There  are  nearest-neigh- 
bor (pair)   interactions  between  these  units  that  depend  on  the  state  of  each 
member  of  the  pair  and  on  the  number  of  Ca"*""^  ions  bound  to  one  member  of  the 
pair.     There  are  two  sources  of  positive  cooperativity  in  this  system:     the 
fact  that  seven  actin  sites  change  state  together  as  part  of  a  single  unit; 
and  the  existence  of  attractive  nearest-neighbor  interactions  between  units. 
Parameters  in  the  model   are  evaluated  by  fitting  the  data,  both  in  the  presence 
and  in  the  absence  of  Ca"*""*".     A  description  of  this  model   is  in  press  at  PNAS. 

In  addition  to  this  theoretical  work  on  the  cooperative  equilibrium  binding 
of  S-1  to  regulated  actin,  as  influenced  by  Ca''"''',  we  have  extended  our  model- 
ling efforts  to  the  cooperative  steady-state  ATPase  activity  of  myosin  subfrag- 
ment-1  on  regulated  actin.     Exact  solution  of  the  general   steady-state  problem 
requires  Monte  Carlo  calculations.     However,  using  approximations,  we  have  ex- 
amined three  interrelated  special   cases  and  in  a  paper  submitted  to  Biophys.  J. 
sample  computer  (not  Monte  Carlo)  solutions  are  given.     The  eventual  objective 
of  this  modelling  effort  is  to  apply  our  model   to  in  vitro  experimental  data 
and  to  in  vivo  muscle  models. 

Proposed  Course  of  Project:     We  will  continue  the  quantitative  modelling  ofi  our 
new  cross-bridge  model  with  emphasis  on  modelling  the  force-velocity  curve.     In 
addition,  we  will   continue  our  modelling  of  the  cooperative  actions  of  the 
troponin- tropomyosin  complex.     In  particular,  we  will   attempt  to  develop  a  mod- 
el for  relaxation  in  vivo. 

Publications: 
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Eisenberg,   E.,   Hill,  T.L.,  and  Chen,   Y.-D.:     A  cross-bridge  model  of  muscle 
contraction:     quantitative  analysis.     Biophys.  J.   29^:195,   1980. 

Hill,  T.L.  ,  Eisenberg,  E.,  and  Greene,  L.E.:  A  theoretical  model  for  the  coop- 
erative equilibrium  of  myosin  subfragment-one  to  the  actin-troponin-tropomyosin 
complex.     Proc.    Natl.   Acad.   Sci'.   USA  77:3186-3190,    1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  basic  genetic  defect  responsible  for  cystic  fibrosis  (CF) 


is  as  yet  un- 
the  treatment 


known,  and  its  elaboration  should  ultimately  result  in  improving 
of  this  disease.  There  have  been  reports  that  a?  macroglobulin  (a2M)  from 
plasma,  v/hich  is  known  to  inhibit  protease  activity,  is  less  potent  as  an  in- 
hibitor in  CF  patients.  This  difference  suggests  a  structural  variation  that 
might  be  the  result  of  a  genetic  defect.  These  reports  have,  however,  been 
controversial,  and  the  work  thus  far  in  this  laboratory  has  centered  on  con- 
firming and  extending  the  reports  on  a2M.  This  protein  may  be  digested  with 
trypsin.  Early  indications  have  suggested  a  difference  in  the  rate  of  diges- 


tion, that  of  the  CF  a2M  being  slower. 
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Project  Description 

Objective:  To  isolate  and  examine  plasma  proteins  from  normal  and  cystic 
fibrosis  (CF)  individuals,  in  a  search  for  structural  differences  related  to 
the  genetic  defect  of  CF. 

Methods  employed: 

JT)     Well  known  methods  of  separation  and  purification  of  plasma  proteins, 
involving  ammonium  sulfate  fractionation,  ion  exchange  chromatography  and 
gel  filtration  chromatography  have  been  used  in  purification  of  a2-macro- 
globulin  {a2M)  from  human  plasma. 

(2)  Various  methods  are  being  employed  (or  are  being  contemplated)  for  the 
characterization  of  isolated  a2M.  These  include  colorimetric  and  titrimetric 
trypsin  assays  (to  determine  the  extent  to  which  a2M  inhibits  proteolytic  ac- 
tivity), amino  acid  analysis  on  a  Beckman  Model  120  automatic  amino  acid  anal- 
yzer, gel  filtration  chromatography  (with  Bio-Gel  resins)  to  separate  compon- 
ents after  tryptic  digestion,  immuno-diffusion  studies,  and  analyses  to 
determine  the  nature  of  the  carbohydrate  content  of  a2M  (by  the  methods  of 
Ben-Yosef  et  al- ,  Clin.  Chim.  Acta  99,  31  (1979)). 

Major  findings:  Isolated  samples  of  a2M  from  normal  and  CF  individuals  have 
been  reported  (Shapiro  et  a1 . ,  J.  Biol.  Chem.  252,  7923,  (1977)),  to  show 
differences  in  their  ability  to  inhibit  proteases.  Work  in  this  laboratory 
has  centered  around  efforts  at  repeating  these  observations,  since  they  ap- 
pear controversial,  and  may  be  crucial  for  pinpointing  the  genetic  defect  of 
CF. 

Thus  far,  we  have  not  confirmed  the  decreased  inhibition  of  trypsin  by 
a2M  from  CF  patients.  There  appears,  however,  to  be  a  difference  in  the 
rate  at  which  a2M  is  digested  by  trypsin.  Thus,  gel  filtration  chromatography 
of  the  digest  shows  less  breakdown  of  the  CF  a2M  than  of  the  normal  a2M. 

Significance  to  biomedical  research:  The  immediate  goal  of  the  present 
effort  is  to  resolve  the  disputed  claims  that  normal  and  CF  a2M  behave  dif- 
ferently in  several  respects.  This  work  more  generally  is  aimed  at  under- 
standing the  genetic  defect  of  CF. 

Proposed  course:  We  will  investigate  further  the  possibility  of  structural 
differences  in  normal  and  CF  a2M,  and,  if  such  differences  are  found, 
examine  them  in  detail. 

Publications:  None 
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SUMMARY   OF   WORK   (200   words   or   less  -   underline   J<eywords)  ,  ,  .      , 

The  steric  blocking  model  of  troponin- tropomyosin  action  suggests  that  relaxation 
of  skeletal  muscle  is  caused  by  tropomyosin  physically  preventing  the  binding  of 
the  myosin  cross-bridge  to  actin  in  the  absence  of  Ca^+.  We  tested  this  model  by 
measuring  the  binding  of  myosin  subfragment-one  (S-1)  to  actin  and  regulated  ac- 
tin (actin  +  troponin  +  tropomyosin)  with  and  without  Ca2+  in  the  presence  of 
ATP.  Stopped-flow  turbidity  measurements  were  used  to  determine  the  amount  of 
S-1  binding  to  actin.  At  25°C,  M=17.5mM  the  binding  constant  of  S-1  to  actin  or 
regulated  actin  in  the  presence  of  Ca2+  is  2.3  x  lO^M-1.  jp  the  absence  of  Ca2+, 
when  the  ATPase  is  94%  inhibited,  the  binding  of  S-1  to  regulated  actin  is  re- 
duced only  two-fold  (K=1.3  x  lO^M"!).  These  data  show  that  the  inhibitory  effec 
of  troponin-tropomyosin  on  the  actin  activated  S-1  ATPase  without  Ca2+  is  not  du^ 
to  inhibition  of  binding  of  S-1  to  the  actin  filament  in  the  presence  of  ATP. 
Rather,  these  data  suggest  that  troponin-tropomyosin  acts  by  blocking  the  releasd 
of  Pi  from  the  actin-S-1-ADP-Pi  complex.  In  vivo  this  may  correspond  to  blocking 
the  rotation  of  the  actin  bound  cross-bridge  from  the  90°  attached  state  to  the 
45°  attached  state. 

^S^ 


PHS-6040 
(Rev.  10-76) 


Project  No.   ZOl  HL  00417-01  LCB 

Project  Description 

Objectives:  The  purpose  of  this  work  is  to  understand  the  mechanism  by  which 
the  troponin- tropomyosin  complex  confers  Ca2+  sensitivity  on  the  actin  activ- 
ation of  the  S-1  ATPase.  The  first  question  to  be  answered  is  whether  the 
troponin- tropomyosin  complex  inhibits  the  actin  activation  of  the  S-1  ATPase, 
in  the  absence  of  Ca2+,  by  decreasing  the  association  of  S-1  with  actin  in  the 
presence  of  ATP.  The  second  goal  is  to  investigate  the  changes  in  the  actin- 
S-1  ATPase  activity  which  are  caused  by  troponin-tropomyosin. 

Methods  Employed  and  Major  Findings:     Binding  of  S-1  to  actin  or  regulated  ac- 
tin,  in  the  presence  of  ATP,  was  measured  from  turbidity  observed  in  a  stopped- 
flow  spectrophotometer.     ATPase  rates  were  simultaneously  estimated  from  the 
time  course  of  turbidity  changes  which  accompanied  ATP  hydrolysis.     It  was 
concluded  that,  at  25°C,  y=17.5mf!l,   the  troponin-tropomyosin  complex  conferred 
Ca^     sensitivity  on  the  ATPase  rate  but  not  on  the  binding  of  S-1 -ATP  to  actin. 
In  the  absence  of  Ca2+  the  ATPase  was  only  6%  of  the  rate  with  Ca2+  although 
the  binding  constant  of  S-1  to  actin  was  weakened  only  2-fold.     These  data  sug- 
gest that  troponin-tropomyosin  acts  by  preventing  Pi   release  from  the  actin- 
S-1-ADP-Pi  complex  rather  than  by  blocking  the  binding  of  S-l-ATP  to  actin. 

The  effect  of  troponin- tropomyosin  on  the  acto-S-1  ATPase  was  also  investi- 
gated as  a  function  of  S-1  and  actin  concentration.     In  the  absence  of  Ca2+ 
and  presence  of  regulatory  proteins  the  rate  does  not  increase  with  increasing 
actin  concentration  after  an  initial   4-fold  increase  in  the  rate  above  that  of 
S-1  alone.      In  the  presence  of  Ca^"*"  a  linear  double  reciprocal   plot  of  ATPase 
vs  actin  is  obtained.     The  maximum  ATPase  rate  is  roughly  300-fold  greater 
than  that  of  S-1  in  the  absence  of  actin.     This  is  almost  the  same  as  the  max- 
imum ATPase  rate  in  the  absence  of  regulatory  proteins.     However,  the  K^pp  for 
actin  is  one- third  the  value  observed  in  the  absence  of  regulatory  proteins. 
At  yery  high  S-1  concentration  cooperative  effects  are  observed  in  the  presence 
of  regulatory  proteins.     These  cooperative  effects  are  presently  being  invest- 
igated as  is  the  effect  of  regulatory  proteins  on  Kgpp. 

Significance  to  Biomedical   Research:     Understanding  the  mechanism  by  which  the 
troponin-tropomyosin  complex  confers  Ca^     sensitivity  on  the  actin  activated 
S-1  ATPase  activity  is  important  in  understanding  both  skeletal  muscle  contrac- 
tion and  cell  motility  in  general.     This  knowledge  may  have  particular  applic- 
ation in  the  study  of  various  muscular  dystrophies  of  unknown  etiology  as  well 
as  in  the  study  of  heart  disease. 

Proposed  Course  of  Research:     The  demonstration  that  S-1  binds  to  regulated 
actin  in  the  absence  of  Ca^"*"  and  presence  of  ATP,  although  the  ATPase  activity 
is  inhibited,  will    be  confirmed.     Studies  will   be  undertaken  which  directly 
measure  the  amount  of  S-l-ATP  bound  to  actin  by  an  ultracentrifugation  method. 
A  kinetic  method  will   also  be  employed  at  varying  Ca2+  concentrations  to  show 
that  S-1»ATP  is  always  bound  to  regulated  actin. 

The  kinetic  studies  which  have  been  started  will   be  extended  to  higher  con- 
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centrations  of  actin  and  S-1  using  a  radioactive  ATPase  assay.     The  effect  of 
the  regulatory  proteins  on  the  steady-state  actin-activated  S-1  ATPase  rate 
win   be  investigated  at  a  series  of  temperatures.     The  effect  of  regulatory 
proteins  on  the  pre-steady-state  hydrolysis  of  ATP  (initial   Pi   burst)  will   also 
be  investigated. 

Publications 
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Cytochalasin  D  inhibits  the  polymerization  of  actin,  raises  the  critical  con- 
centration  of  monomeric  actin,  and  greatly  increases  the  ATPase  activity  of 
actin.  When  added  to  polymerized  actin,  cytochalasin  D  causes  rapid  depolymeri- 
zation  to  a  nev^  steady  state  level.  Spectrin/actin  complex  from  red  blood  cells 
nucleates  and  accelerates  the  polymerization  of  actin  and  lowers  the  critical 
concentration  of  monomeric  actin  at  steady  state.  Cytochalasin  D  inhibits  po- 
lymerization of  actin  nucleated  by  spectrin/actin  complex  but  does  not  depolym- 
erize  the  actin.  These  observations  support  a  model  of  actin  polymerization  in 
which  the  filament  elongates  at  one  end  more  rapidly  than  at  the  other.  At 
steady  state,  actin  monomers  are  continually  adding  to  one  end  of  the  filament 
and  leaving  the  other  end.  Cytochalasin  D,  according  to  this  model,  would  in- 
hibit addition  of  monomers  at  the  net  polymerizing  end,  perhaps  by  uncoupling 
the  ATPase  reaction,  and  spectrin/actin  complex  would  block  loss  of  monomers  at 
the  net  depolymerizing  end.  These  experiments  also  lead  to  a  picture  of  the 
spectrin/actin  complex  as  decameric  oligomers  of  actin  crosslinked  by  spectrin 
tetramers.  In  other  experiments  we  have  found  that  prof il in  forms  a  weak  1-1 
molar  complex  with  actin  and  enhances  the  rate  of  exchange  of  artin-hminH  AJp 
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Project  Description 

Objectives:  Actin  is  one  of  the  major  proteins  of  the  cytoskeleton  of  all 
eukaryotic  cells.  As  such,  it  is  involved  in  many  different  motile  processes 
and  in  the  regulation  of  cell  shape  and  cell  organization.  Actin  is  a  globu- 
lar molecule  of  molecular  weight  42,000  that  polymerizes  into  double  helical 
filaments  under  ionic  conditions  similar  to  those  of  the  cytoplasm  of  cells. 
It  is  in  this  polymerized  form  (microfilaments)  that  actin  presumably  func- 
tions in  non-muscle  cells  just  as  it  is  the  polymerized  form  of  actin  (thin 
filaments)  that  function  in  muscle  contraction.  However,  in  contrast  to  the 
situation  in  muscle,  most  of  the  actin  in  non-muscle  cells  is  non-polymerized 
and  its  polymerization  is  both  temporally  and  spatially  regulated  so  that  the 
microfilaments  occur  in  the  cell  when  and  where  they  are  needed  for  specific 
motile  events.  We  have  described  in  past  years  two  ways  in  which  the  polym- 
erization of  actin  in  non-muscle  cells  might  be  regulated.  One  is  through 
interaction  of  monomeric  actin  with  prof il in,  a  14,000-dalton  protein  that 
forms  a  1:1  complex  with  actin  and  inhibits  its  polymerization.  The  second 
mechanism  is  the  interaction  of  non-polymerized  actin  with  complexes  that 
facilitate  the  polymerization  of  actin.  An  intriguing  model  for  such  a  nucle- 
ating complex  is  the  complex  of  spectrin  and  actin  that  can  be  isolated  from 
red  blood  cells.  This  year,  we  have  attempted  to  study  the  nature  of  the 
interaction  of  profilin  and  actin  by  the  use  of  a  number  of  specific  probes  to 
determine  the  mechanism  by  which  the  spectrin/actin  complex  facilitates  the 
polymerization  of  actin  and  to  examine  some  of  the  fundamental  events  of  actin 
polymerization  that  naturally  occurring  modulators  might  affect. 

Methods  employed  and  major  findings:  (1)  Interaction  of  profilin  and  actin: 
A  number  of  attempts  to  link  actin  and  profilin  covalently  by  reaction  of  the 
complex  with  bifunctional  reagents  were  unsuccessful.  Similarly,  attempts  to 
detect  changes  in  conformation  of  either  actin  or  profilin  in  the  complex  were 
unsuccessful.  Methods  used  included  monitoring  the  fluorescence  of  tryptophan 
residues  and  of  fluorescent  probes  covalently  bound  to  either  protein,  and 
seeking  changes  in  the  electron  spin  resonance  signal  of  appropriately  labeled 
actin  upon  its  interaction  with  profilin.  We  were  able,  however,  to  observe 
the  interaction  of  profilin  and  actin  by  its  effect  on  the  rate  of  exchange 
of  actin-bound  ATP. 

Profilin  was  isolated  from  Acanthamoeba  caste! lanii  as  an  essentially 
homogeneous  protein  by  methods  described  in  last  year's  report.  Actin  is  iso- 
lated from  either  muscle  or  Acanthamoeba  by  standard  procedures.  Monomeric 
6-actin  normally  contains  one  mole  of  bound  ATP  per  mole  and  the  ATP  is  ex- 
changeable with  ATP  in  solution.  The  rate  of  exchange  is  measured  by  first 
equilibrating  G-actin  with  [^'^P^kJP   and  removing  all  free  [32p]ATP  by  binding 
it  to  Dowex-1  chloride.  The  G-actin-[32p]  is  then  placed  in  solution  with  a 
large  molar  excess  (100-fold)  of  non-radioactive  ATP  which  will  exchange  with 
the  radioactive  ATP.  Samples  are  removed  at  timed  intervals,  treated  with  the 
Dowex-1  to  remove  the  free  ATP  and  the  residual  actin-bound  radioactive  ATP 
measured. 
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In  this  way,  it  was  determined  that  (a)  G-actin  and  the  G-actin-profilin 
complex  both  contain  one  mole  of  bound  ATP  per  mole;  (b)  in  both  cases  the 
bound  ATP  is  totally  exchangeable  with  ATP  in  solution;  (c)  under  the  particu- 
lar conditions  used  (0.033  mM  Ca2+,  0.1  mM  ATP,  pH  7.5,  25°)  the  exchange  rate 
for  G-actin,  7.7  X  10"^  s"^ ,  was  increased  17  times  by  a  7-fold  molar  excess 
of  profilin  to  a  value  of  1,3  X  10"2  s-1 ;  (d)  the  binding  of  profilin  to  G- 
actin  is  rapid  and  reversible  with  a  Kq  of  4.7  X  10-5M,  which  is  rather  weak, 
and  a  stoichiometry  of  1:1. 

These  data,  therefore,  confirm  the  previous  indication  for  the  stoichiom- 
etry of  the  complex  and  further  indicate  that  profilin  greatly  weakens  the 
association  of  ATP  for  actin.  Whether  this  is  of  physiological  significance 
is  not  now  known  but  hydrolysis  of  actin-bound  ATP  to  actin-bound  ADP  occurs 
concomitantly  with  actin  polymerization  and  the  ability  of  profilin  to  reduce 
the  affinity  of  actin  for  ATP  might  affect  the  rate  of  nucleation  of  actin. 

(2)  Nucleation  of  actin  polymerization  by  spectrin/actin  complex: 
Reports  from  other  laboratories  had  suggested  that  erythrocyte  spectrin  could 
induce  the  polymerization  of  actin  under  conditions  in  which  actin  would  not 
polymerize  alone.  Last  year  we  showed  that  this  putative  property  of  spectrin 
was,  in  fact,  attributable  not  to  spectrin  but  to  a  complex  of  spectrin  and 
actin  (as  isolated  from  sheep  erythrocytes;  from  human  erythrocytes  the  com- 
plex also  includes  a  third  protein,  band  4.1).  This  year  we  have  shown  that 
the  effect  of  the  complex  is  to  nucleate  actin  polymerization,  i.e.  to  accel- 
erate the  polymerization  of  actin,  and  to  lower  the  concentration  of  actin 
necessary  for  polymerization  to  occur  (lower  the  critical  concentration). 

The  spectrin/actin  complex  was  isolated  from  washed  ghosts  of  sheep 
erythrocytes  by  extraction  at  wery   low  ionic  strength  and  purified  by  molecular 
seive  chromatography  on  agarose.  In  solutions  containing  0.3  mM  Mg2+,  G-actin 
polymerizes  very   slowly,  as  measured  by  the  increase  in  viscosity,  and  this 
rate  of  polymerization  is  greatly  accelerated  by  the  addition  of  a  small  amount 
of  the  spectrin/actin  complex.  The  final  extent  of  polymerization,  i.e.  the 
final  viscosity  at  steady  state,  is  essentially  the  same  whether  or  not  polym- 
erization was  accelerated  by  the  complex.  This  is  just  the  behavior  observed 
for  nucleation  of  actin  polymerization  by  short  fragments  of  F-actin  and, 
therefore,  the  complex  behaves  as  if  it  consists  of  short  pieces  of  polymerized 
actin  stabilized  by  crosslinks  of  spectrin  tetramer.  (Experiments  reported 
last  year  demonstrated  that  spectrin  tetramer  does  crosslink  F-actin  in  just 
this  way.)  Also  similar  to  the  behavior  of  actin  nuclei  was  the  ability  of 
spectrin/actin  complex  to  overcome  the  inhibition  of  actin  polymerization 
caused  by  profilin.  The  spectrin/actin  complex,  therefore,  may  be  a  prototype 
for  natural  nucleating  centers  in  cells.  But  it  is  equally  likely  that  the 
properties  of  the  isolated  complex  are  just  an  inevitable  consequence  of  its 
structure  with  little  wider  significance. 

It  was  known  from  the  work  of  Dr.  Shin  Lin  at  Johns  Hopkins  University 
that  the  spectrin/actin  complex  accounted  for  all  of  one  class  of  high  affini- 
ty cytochalasin-binding  sites  in  the  erythrocyte.  From  a  combination  of  these 
data,  knowledge  of  the  actin  content  in  the  ertythrocyte  and  evidence  discussed 
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below  that  cytochalsin  binds  to  one  end  of  actin  filaments,  we  could  calculate 
that  the  spectrin/actin  complex  probably  consists  of  decamers  of  polymerized 
actin  cross-linked  by  spectrin  tetramers.  The  isolated  complex  is  probably 
just  a  mechanical  fragment  of  a  continuous  network  in  the  cell. 


The  ratio  of  one  spectrin  tetramer  for  every   four  actin  monomers  pictured 
above  is  the  ratio  in  which  the  two  molecules  occur  in  the  human  red  blood 
cell.  From  the  data  of  others,  the  spectrin-actin  crosslinks  are  probably 
stabilized  by  a  third  protein,  band  4.1,  and  the  cytoskeleton  is  linked  to 
the  integral  membrane  protein,  band  3,  by  a  fourth  protein,  band  2.1,  which 
binds  to  spectrin  and  band  3. 

(3)  Effect  of  cytochalasins  on  actin:  The  cytochalasins  are  a  group  of 
natural  products  that  are  potent  inhibitors  of  a  variety  of  motile  processes 
in  eukaryotic  cells  that  are  thought  to  be  related  to  actin  function.  This 
year  we  observed  (a)  that  the  cytochalsins  greatly  inhibited  the  rate  of  po- 
lymerization of  actin;  (b)  that  cytochalasin  D  caused  rapid  depolymerization 
of  F-actin;  (c)  that  cytochalasin  D  did  not  depolymerize  F-actin  when  its 
polymerization  had  been  nucleated  by  the  spectrin/actin  complex  but  does  stop 
further  elongation;  (e)  that  the  critical  concentration  of  actin  (the  concen- 
tration of  monomeric  actin  in  equilibrium  with  polymeric  actin  at  steady 
state)  was  increased  by  cytochalsin  D;'  and  (f)  that  cytochalasins,  under  appro- 
priate conditions,  could  accelerate  the  ATPase  activity  of  polymeric  and  mono- 
meric actins  and  disassociate  the  polymerization  of  actin  from  the  hydrolysis 
of  ATP. 

Considerations  of  observations  (a)  through  (e)  and  the  previous  effects 
of  spectrin/actin  complex  on  actin  polymerization  have  provided  strong  experi- 
mental support  for  a  novel  model  of  actin  polymerization  first  proposed  on 
theoretical  grounds  by  a  German  scientist,  A.  Wegner.  According  to  previous 
theory,  actin  polymerization  was  viewed  as  a  three  step  process  (1)  a  rate- 
limiting  nucleation  step  in  which  2  or  3  actin  monomers  joined,  (2)  a  rapid 
elongation  step  in  which  monomers  of  actin  added  to  the  end  of  the  growing 
filament,  (3)  a  re-distribution  step  in  which  the  distribution  of  filament 
lengths  became  less  disperse  with  no  additional  actin  undergoing  polymeriza- 
tion. The  steady  state  situation  was  envisaged  as  as  simple  equilibrium  be- 
tween monomer  and  polymer:  An  +  A  =  An+1  with  the  concentration  of  actin  mo- 
nomer [A]  at  equilibrium  being  simply  the  reciprocal  of  the  equilibrium  con- 
stant: Keq  -  [An+l]/[An][A]  because  [An+1]  =  [An]. 
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Wegner  pointed  out  that  the  steady  state  situation  was  more  complicated 
than  this  because  at  least  four  reactions  needed  to  be  considered:  the  ir- 
reversible conversion  of  monomeric  actin-ATP  to  polymeric  actin-ADP  +  P-j , 
which  could  occur  at  both  ends  of  the  filament,  and  the  reversible  conversion 
of  monomeric  actin-ADP  to  polymeric  actin-ADP,  which  could  also  occur  at  both 
ends  of  the  actin  filament.  When  polymerization  occurs  in  the  presence  of 
excess  ATP,  monomeric  actin-ADP  would  be  converted  to  monomeric  actin-ATP. 

^T    ^D 

Jt   ,  y,,  where  A  =  actin 
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T  =  ATP 
D  =  ADP 


This  model  and  only  this  model,  allows  for  the  possibility  that  there 
may  be  net  addition  of  actin  monomers  at  one  end  of  an  actin  filament  and  e- 
qual  net  loss  of  actin  monomers  at  the  other  end  of  the  actin  filament.  Thus, 
the  system  as  a  whole  could  be  at  steady  state  with  neither  end  of  the  fila- 
ment being  at  equilibrium  and  with  actin  monomers  moving  through  the  filament 
from  one  end  to  the  other.  The  energy  for  this  movement  would  be  provided  by 
the  hydrolysis  of  ATP.  According  to  this  concept,  the  concentration  of  actin 
monomer  at  steady  state  would  not  be  the  reciprocal  of  an  equilibrium  con- 
stant, there  is  no  equilibrium,  but  would  be  some  concentration  of  actin 
monomer  greater  than  the  hypothetical  critical  concentration  at  one  end  and 
lower  than  the  hypothetical  concentration  at  the  other  end  such  that  the  rate 
of  actin  addition  at  the  first  end  was  just  equal  to  the  rate  of  actin  loss  at 
the  other  end. 

Critical  concentration  =  [A-p]  =  -r t-t; — 

Depolymerization  of  F-actin  by  added  cytochalasin  D  and  increase  in  the 
experimentally  measured  critical  concentration  of  actin  in  the  presence  of 
cytochalasin  D  could  be  explained  according  to  this  model  if  cytochalsin  D 
preferentially  inhibited  events  at  what  would  normally  be  the  net  polymeriz- 
ing end  of  F-actin  at  steady  state  (and  the  preferred  addition  end  during 
elongation).  Actin  polymerization  would  then  be  envisaged  as  a  process  in- 
volving nucleation  and  then  elongation  at  both  ends  of  the  growing  filament, 
but  probably  more  rapidly  at  one  end  than  at  the  other,  until  the  monomer 
concentration  became  too  low  for  elongation  to  continue  at  one  end.  Elonga- 
tion would  continue  at  the  other  end  but  soon  the  net  addition  at  that  end 
would  be  balanced  by  a  loss  of  monomers  at  the  other  end. 

Additional  insight  into  the  polymerization  process  was  obtained  when  we 
found  that  cytochalasin  D  could  also  greatly  stimulate  the  hydrolysis  of  ATP 
by  actin  even  as  it  inhibited  polymerization  so  that  the  normally  tight  cou- 
pling between  actin  ATPase  activity  and  actin  polymerization  could  be  uncou- 
pled. All  of  these  data  can  be  fit  to  one  model,  for  which  there  is  appre- 
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ciable  additional  circumstantial  evidence  from  other  laboratories  as  well. 

According  to  our  most  recent  model  for  actin  polymerization,  the  ATP 
that  is  hydrolyzed  to  ADP  and  P-j  when  an  actin  filament  elongates  by  one 
subunit  may  come  from  the  filament  and  not  from  the  monomer  that  is  being 
added;  i.e.,  the  actin  filament  may  have  a  terminal  bound  ATP.  Cytochalasin 
D  may  interact  with  that  terminal  subunit  inhibiting  the  addition  of  the  next 
monomeric  subunit  and  also  catalyzing  the  hydrolysis  of  the  filament-bound 
ATP.  Such  a  reaction  would  explain  the  ability  of  cytochalasin  D  to  stimulate 
the  ATPase  activity  of  actin,  to  uncouple  actin  polymerization  from  actin  ATP- 
ase,  to  reduce  the  rate  of  actin  elongation  and  to  cause  the  depolymerization 
(increase  the  critical  concentration)  of  polymerized  actin  by  inhibiting 
elongation  at  the  net  addition  end  while  leaving  unaffected  the  depolymeriza- 
tion at  the  net  depolymerizing  end  until  the  increase  in  monomeric  actin  con- 
centration re-established  a  new  steady  state  at  a  lower  polymer  concentration. 
If,  on  the  other  hand,  spectrin/actin  complex  nucleated  actin  polymerization 
by  blocking  the  normally  net  depolymerizing  end  then  this  would  lead  to  a  low- 
er critical  concentration  of  actin  at  steady  state  and  also  counteract  the 
effect  of  cytochalasin  D  when  added  to  polymerized  actin  by  stabilizing  the 
net  depolymerizing  end  of  the  filament. 
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Proposed  course  of  research:  A  number  of  data  suggest  that  the  effects  of 
cytochalasins  A,  B,  C  and  E  on  actin  polymerization  and  actin  ATPase  activity 
are  not  identical  to  those  described  for  cytochalasin  D.  These  drugs  will  be 
examined  more  closely  to  see  if  through  their  use  further  insights  on  the  ac- 
tin polymerization  mechanism  can  be  deduced.  Suggestive  evidence  has  been 
obtained  that  monomeric  actin  may  also  interact  with  cytochalasins  (in  addi- 
tion to  the  now  well  described  interaction  of  filament  ends  with  the  cytocha- 
lasins). This  possibility  will  be  further  investigated.  In  order  to  separ- 
ate events  of  the  nucleation  step  from  the  process  of  actin  elongation,  cross- 
linked  dimers  of  actin  will  be  prepared  and  used  to  study  the  elongation  re- 
action and  ATPase  reactions  of  growing  actin  nuclei.  The  model  proposed 
above  implies,  as  stated,  that  at  steady  state  there  will  be  a  net  addition  of 
actin  monomers  at  one  end  of  the  filament  and  net  loss  at  the  other  end  with 
the  filament  length  remaining  constant.  Efforts  will  be  made  through  the  use 
of  radioactively  labeled  actin  to  obtain  direct  evidence  for  this  so-called 
treadmilling  of  actin  and  for  the  extent  to  which  it  is  tightly  coupled  to  the 
hydrolysis  of  ATP. 
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Project  Description 

Objectives:  We  are  investigating  enzymatic  reactions  by  which  a  tyrosine 
can  be  reversibly  added  to  the  C- terminus  of  the  a  chain  of  tubulin.  Our 
objective  is  to  discover  what  this  post-translational  modification  is  for. 

Methods  Employed:  Biochemical  and  cytological  procedures  as  indicated  under 
Major  Findings. 

Major  Findings: 

la!  Relative  "affinities  of  tyrosylated  and  detyrosylated  tubulin  for 
high  molecular  weight,  assembly-promoting  MAP  proteins  (N.  KUMART:  The  ob- 
vious place  to  look  for  a  function  for  this  modification  is  in  its  effect  on 
interaction  between  microtubules  and  subcellular  organelles.  This  binding  is 
probably  effected  through  the  microtubule  associated  (MAP)  arm  proteins 
which  extend  out  at  32  nm  intervals  from  the  microtubule.  We  therefore  began 
by  comparing  the  affinity  of  MAPS  for  maximally  tyrosylated  (T-)  and  complete- 
ly detyrosylated  (D-)  tubulin.  MAPS  isolated  from  3  times  polymerized  (3xp) 
microtubule  protein,  by  phosphocellulose  chromatography,  promote  tubulin  as- 
sembly in  vitro,  and  coassemble  with  tubulin.  Native  MAPS  have  never  been 
characterized,  but  in  denaturing  gel  electrophoresis  conditions  the  fraction 
shows  variable  amounts  of  very  faint  bands,  a  distinct  360,000  dalton  MAP,, 
and  predominant  amounts  of  300,000  dalton  MAP2.  A  fraction  containing  almost 
only  the  MAPp,  isolated  from  a  Bio-Gel  1.5  m  column  after  boiling  3xp  protein, 
is  more  effective  than  the  former  fraction  in  promoting  assembly. 

T-  and  D- tubulin  dimers  were  isolated  by  phosphocellulose  chromatography 
after  treating  3xp  protein  with  tubulin- tyrosine  ligase  or  carboxypeptidase  A 
(CPA).  We  have  found  no  differences  in  rate  or  extent  of  assembly  between  T- 
and  D-tubulin,  when  various  concentrations  of  the  2  types  of  tubulin  were  in- 
cubated with  various  concentrations  of  either  mixed  MAPS  or  MAP2.  Taxol  (see 
2a),  however,  appeared  to  cause  faster  and  more  extensive  assembly  of  T-tubu- 
lin,  as  monitored  by  turbidity.  To  compare  binding  affinity  more  directly, 
microtubules  were  spun  down  from  each  of  the  samples  with  the  mixed  MAPS,  af- 
ter assembly  had  reached  a  plateau.  The  pellets  were  analyzed  by  SDS-PAGE 
electrophoresis,  and  the  ratio  a  +  e  chain/  MAP,  +  MAP2  was  estimated  by  den- 
sitometric  scanning  of  photographic  negatives  of  the  Coomassie  blue  stained 
gels.  The  average  mass  ratios,  5.6  ±  0.33  for  12  T- tubulin  samples,  and 
7.6  ±  0.75  for  12  D-tubulin  samples,  were  significantly  different  at  the  5% 
level.  Whether  this  reflects  different  affinities,  or  numbers  of  binding 
sites,  could  not  be  established  because  we  could  not  saturate  tubulin  with  re- 
spect to  assembly,  even  with  2:1  (w/w)  MAPS  to  tubulin.  Saturation  has  been 
reported  only  with  a  MAPp  preparation  (Kim  et  al .  JCB  80,  266)  and  yielded  a 
mass  ratio  of  3.4. 

lb.  Tubulin  interaction  with  liposomes  (N.  KUMAR):  Various  membrane- 
bounded  vesicles,  secretory  granules  and  viruses  have  been  described  as  ap- 
pearing to  track  along  microtubules  in  living  cells,  or  bind  to  microtubules 
in  vitro.  To  test  whether  tyrosylation  affects  such  interaction,  we  began  to 
study  binding  of  T-  and  D-tubulin  to  small,  uncharged  unilamellar  vesicles 
prepared  from  dipalmitoyl  phosphatidylcholine.  The  vesicles  were  prepared 
containing  trapped,  water-soluble  carboxyfluorescein  at  100  mM,  a  concentra- 
tion at  which  fluorescence  is  almost  completely  quenched.  Because  self- 
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quenching  is  relieved  by  dye  leakage,  the  amount  of  dye  that  has  leaked  out  of 
a  population  of  vesicles  can  be  monitored  by  the  appearance  of  increased  fluor- 
escence. It  is  this  increase  in  fluorescence  that  we  used  to  monitor  the  in- 
teraction of  tubulin  with  the  vesicles. 

Tyrosylation  has  not  so  far  been  found  to  affect  tubulin  interaction  with 
liposomes."  The  interaction  has  been  sufficiently  interesting,  however,  that 
we  have  pursued  this  project  from  another  standpoint,  i.e.  the  nature  of  brain 
membrane-bound  tubulin,  and  the  possibility  that  the  latter  might  anchor  mic- 
rotubules to  biological  membranes. 

Tubulin  was  found  to  bind  strongly  to  the  lipid  bilayers  at  the  phase 
transition  temperature;  10-15  tubulin  dimers  bound  per  vesicle  were  sufficient 
to  cause  half  maximal  dye  release.  Except  for  serum  apolipoproteins,  other 
proteins  tested  have  not  shown  this  property.  MAPS  did  not  bind,  and  MAPS 
or  GTP  inhibited  tubulin  binding.  The  binding  probably  involves  protein  in- 
sertion at  the  phase  transition:  it  was  hydrophobic,  the  vesicles  remained 
intact  (apolipoprotein  binding  destroys  the  vesicles),  and  bound  tubulin  was 
no  longer  available  to  interact  with  other  vesicles.  Stable  lipid-tubulin 
complexes  were  isolated  from  KBr  gradients.  Protein  conformational  changes 
associated  with  binding  were  indicated  by  circular  dichroic  spectra,  decreased 
tryptophane  fluorescence,  and  increased  KI  quenching,  although  the  tubulin 
remained  competent  to  bind  colchicine.  Limited  proteolysis  experiments  pro- 
vided further  evidence  that  the  tubulin  was  actually  sequestered  in  the  lipid 
bi layer. 

2a.  Tubulin  tyrosylation  and  microtubule  assembly:  specificity  of  a 
detyrosylating  enzyme  for  polymeric  substrate  (N.  KUMAR  and  T.  JONES):  A? 
reported  here  2  years  ago,  tubulin  tyrosylating  enzyme  has  little  or  no  activ- 
ity toward  assembled  microtubules.  Several  years  ago  Caputto's  laboratory 
reported  that  in  brain  extracts  detyrosylation  was  favored  by  conditions  pro- 
moting assembly,  and  more  recently  they  showed  that  tyrosine  was  lost  more 
rapidly  from  the  previously  assembled  fraction  (Arce  et  al .  J.  Neurochem.  31, 
205).  We  had  (last  year's  report)  purified  a  brain  detyrosylating  enzyme 
(CPT)  500  fold,  and  although  it  is  quite  active  on  subunits  and  even  urea-de- 
natured tubulin,  we  now  have  definitive  evidence  that  polymeric  forms  are 
preferred  substrates. 

If  4xp   C-tyrosylated  tubulin  was  warmed  for  30  minutes  before  adding 
CPT,  the  presence  of  stoichiometric  (5  yM)  podophyllotoxin  during  the  prein- 
cubation inhibited  the  rate  of  detyrosylation  by  up  to  90%,  during  the  inter- 
val when  the  first  1/3  of  tyrosine  was  being  released.  In  the  same  experi- 
ment with  PC- tubulin  (assembly  incompetent  due  to  removal  of  MAPS  with  phos- 
phocellulose)  podophyllotoxin  had  no  effect,  but  if  MAPS  fraction  was  added 
back  the  rate  was  increased  3  fold,  and  the  increment  was  podophyllotoxin- 
sensitive. 

Taxol ,  a  complex  low  molecular  weight  plant  product,  has  recently  been 
shown  to  p»^omote  assembly  in  the  absence  of  MAPS  (and  of  GTP  and  Mg  ). 
Taxol  gave  exactly  the  same  result  as  MAPS. 

Some  other  oligomeric  structures  also  appear  to  be  preferred  substrates. 
Vinblastine  inhibits  assembly  at  1  pM,  induces  paracrystals  at  1  mM.  and  at 
about  10  vM  has  been  reported  to  produce  small  (  9s)  oligomers.  In  the  latter 
concentration  range  it  consistently  increased  the  rate  of  detyrosylation  of 
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PC-tubulin.  Maytansine,  which  binds  to  the  same  site  as  vinblastine  but 
does  not  elicit  oligomers,  has  not  stimulated  CPT  at  any  concentration. 

In  relation  to  how  CPT  might  act  on  such  a  large  structure  as  a  micro- 
tubule, i.e.  on  ends,  like  a  zipper  etc.,  we  might  mention  the  preliminary 
observation  that  detyrosylation  takes  place  maximally  early  in  assembly,  and 
decreases  at  a  rate  >  the  rate  of  disassembly.  The  low  specific  activity  of 
CPT  in  extracts  (2%  of  ligase)  suggests  that  optimal  substrate  or  conditions 
may  not  yet  have  been  identified. 

More  interesting  is  the  possibility  that  in  living  cells  tyrosylation  and 
detyrosylation  are  coupled  in  some  physiological  way  to  cycling  assembly  and 
disassembly. 

2b.  Steady  state  transit  times  in  treadmilling  of  T-  and  D-tubulin 
through  microtubules(N.  KUMAR  and  T.  JONES):  Many  experiments  have  given 
variable  results  with  both  tubulin  species,  with  average  transit  times,  mea- 
sured from  the  assembly  end,  ranging  from  a  normal  12  hours  down  to  1%  hours. 
We  are  currently  processing  micrographs  to  determine  whether  this  is  related 
to  few  long  vs  many  short  microtubules.  The  indications  are  that  with  MAPS 
undamaged  by  the  procedures  involved  in  making  T-  and  D-tubulin,  both  kinds 
of  tubulin  transit  at  the  same    12  hour  rate. 

3.  Paradoxical  tyrosylation  of  membrane- bound  tubulin  (J.  NATH):  The 
paradox  described  last  year  arose  from  the  observations  that  a)  tubulin  puri- 
fied from  a  brain  membrane  fraction  assayed  as  having  no  C- terminal  tyrosine 
and  b)  tubulin  isolated  the  same  way  after  incubating  brain  mince  with  la- 
beled tyrosine,  or  after  intracerebral  injection,  appeared  to  have  as  much 
C- terminal  radioactivity  as  did  cytoplasmic  tubulin.  One  resolution  sugges- 
ted last  year  was  that  the  assay  for  (a)  might  be  in  error  because  of  ATPase 
activity  in  the  membrane  fraction.  The  assay  is  based  on  the  incremental  am- 
ount of  tyrosine  fixed  by  tubulin- tyrosine  ligase  after  pre-existing  tyrosine 
has  been  removed  by  carboxypeptidase  A  (CPA).  The  ligase  reaction  is  rever- 
sible and  in  the  presence  of  ATP  +  ADP  +  P.  catalyzes  both  net  tyrosylation 
and  complete  exchange  of  pre-existing  tyrosine.  If  this  happened  there  would 
apparently  be  no  increment  in  the  amount  of  tyrosine  fixed,  after  CPA  treat- 
ment. By  incubating  ligase  with  purified  membrane- bound  and  cytoplasmic  tu- 
bulins together  we  have  shown  this  is  not  the  case,  because  the  assay  still 
showed  the  same  amount  of  pre-existing  tyrosine  as  when  cytoplasmic  tubulin 
was  tyrosylated  separately. 

A  probable  resolution  of  the  paradox  has  now  been  suggested  by  the  ob- 
servation that  the  in  vivo  fixed  radioactivity  is  not  released  by  ligase  in 
the  presence  of  ADP  +  Pi,  under  conditions  where  2/3  of  the  tyrosine  fixed 
by  crude  extract  or  purified  ligase  is  released.  CPA  released  the  radioac- 
tivity in  a  form  that  cochromatographed  with  tyrosine,  so  the  result  was  not 
due  to  an  in  vivo  fixation  of  a  derivative  which  could  be  released  by  CPA  but 
not  by  ligase.  It  is  virtually  certain  that,  if  ligase  can  not  remove  tyrosine 
from  this  tubulin  species,  it  also  could  not  put  it  on,  and  this  species  would 
therefore  assay  as  non-substrate  tubulin  (a  portion,  about  h.   of  both  membrane 
and  cytoplasmic  tubulin,  which  can  not  be  tyrosylated  even  after  CPA  treat- 
ment). The  structural  modification  which  makes  this  species  unreactive  with 
ligase  would  have  to  occur  together  with  or  after  tyrosylation,  or  else  the 
ligase  specificity  would  have  to  be  different  in  cells  than  it  is  in  extracts. 
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Tyrosine  fixed  in  vivo  in  cytoplasmic  tubulin  was  also  not  released  by 
ligase  in  the  presence  of  ADP  +  Pi-  This  represents  a  complication,  since  20- 
40%  of  the  substrate  fraction  of  this  tubulin  always  assays  as  having  pre- 
existing tyrosine.  Whether  or  not  the  paradox  is  resolved,  this  project 
should  provide  a  way  to  get  at  the  nature  of  non-substrate  tubulin. 

4a.  The  effect  of  chemotactic  stimulation  on  tubulin  tyrosylation  in 
rabbit  peritoneal  leukocytes  (J.  NATH):  Chemotaxis,  the  directed  migration 
of  cells  in  response  to  a  chemical  gradient,  in  this  case  of  N-formyl-methio- 
nyl-leucyl-phenylalanine  (fmlp),  is  associated  with  a  reorganizaton  of  the 
cytoskeleton.  We  had  previously  found  changes  in  tubulin  tyrosylation  to  ac- 
company comparable  reorganizations  that  occur  during  neurite  extrusion  by  dif- 
ferentiating neuronal  cells,  and  during  mitosis  of  HeLa  cells.  The  change  was 
an  increase  in  the  proportion  of  tubulin  with  pre-existing  tyrosine,  at  the 
expense  of  the  "non-substrate"  species.  Peritoneal  leukocytes,  although  they 
have  already  migrated  through  the  endothelium,  are  relatively  quiescent:  in- 
creasing states  of  activation  are  in  the  order:  peripheral  blood  -=— ^  perito- 
neal — -^  chemotactic  stimulated  — ^  phagocytic. 

Ligase  activity  (0.01  unit/mg)  was  not  demonstrably  different  in  extracts 
of  control  and  fmlp  treated  cells.  Proportions  of  tyrosylated  species  of  tu- 
bulin were  the  same,  with  somewhat  more  pre-existing  tyrosine  than  we  find  in 
brain.  This  result  is  not  certain,  as  vinblastine  precipitation  did  not  pur- 
ify the  tubulin  effectively  due  to  the  low  concentration  (1%  of  soluble  pro- 
tein) of  the  latter. 

Chemoattractant  was  found  to  increase  the  in  vivo  rate  of  labeled  tyrosine 
fixation  at  the  a  chain  C-terminus.  After  preincubation  with  protein  synthesis 
inhibitors  label  was  found  only  in  a   chain,  and   70%  could  be  released  by 
CPA.  The  apparent  rate  increased  2-3  fold  as  soon  as  fmlp  was  added  to  the  me- 
dium, and  fixation  did  not  plateau  during  the  120  minutes  healthy  lifetime  of 
the  cells.  The  increase  was  not  due  to  increased  transport  of  labeled  tyro- 
sine into  the  cells.  The  increase  was  abolished  by  e^ery   inhibitor  of  chemo- 
taxis, specifically:  carbobenzoxy-phenylalanyl-methionine,  which  blocks  the 
fmlp  receptor;  nordihydroguaiaretic  acid,  which  inhibits  fmlp- induced  Ca2+  in- 
flux; quinacrine,  which  inhibits  phospholipase  A2;  and  deazaadenosine  +  homo- 
cysteine thiolactone,  which  inhibit  phospholipid  methylation.  These  results 
might  suggest  a  link  between  tubulin  tyrosylation  and  membrane  phenomena,  but 
of  course  each  inhibitor  shuts  down  the  whole  chemotactic  process. 

Methylation  of  specific  protein  glutamate  y-carboxyls  and  of  phospholipid 
also  occur  immediately  on  exposure  to  fmlp,  but  within  5  minutes  the  methyl 
groups  are  removed  again.  The  increased  tyrosine  fixation  does  not  show  this 
transient  character.  All  known  biochemical  changes  induced  by  fmlp  are  also 
induced  by  Con  A,  and  con  A  treated  leukocytes  also  showed  increased  tyrosine 
fixation.  With  cells  preincubated  for  30  minutes  with  concentrations  of  col- 
chicine reported  to  block  chemotaxis  and  the  associated  cytoskeletal  rearrange- 
ment, fixation  stimulation  by  fmlp  was  unaffected,  but  stimulation  by  con  A  was 
blocked. 

4b.  Tubulin  tyrosylation  in  leukocytes  from  Chediak-Higashi  syndrome 
patients  (J.  NATH):  CHS  is  a  rare  autosomal  recessive  disease  involving  sus- 
ceptibility  to  pyogenic  infection  and  defects  in  polymorphonuclear  leukocyte 
function.  The  rate  of  tyrosine  fixation  in  tubulin  a  chain  was  determined  in 
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fmlp-stimulated,  and  unstimulated,  peripheral  blood  leukocytes.  Leukocytes 
from  normal  human  controls  required  10  times  higher  (10"%)  fmlp  than  rabbit 
peritoneal  leukocytes,  to  induce  chemotaxis;  the  basal  unstimulated  rate  of 
tyrosine  fixation  was  slightly  (1/3)  lower.  Relative  rates  of  tyrosine  fixa- 
tion were  as  follows:  control  1.0,  control  +  fmlp  1.3,  CHS  2.0,  CHS  +  fmlp  4.0. 
In  the  last  case  (only)  the  amount  of  label  fixed  reached  a  plateau  (at  90 
minutes) . 

Ascorbate,  which  is  empirically  therapeutic,  reduced  fixation  rates  to 
control  levels  either  when  added  to  the  leukocyte  incubation  medium,  or  admin- 
istered orally  to  the  CHS  patients  2  hours  before  blood  was  drawn. 

Ligase  levels  were  the  same  in  extracts  of  CHS  and  control  leukocytes. 
Since  turnover  could  also  be  limited  by  detyrosylation,  we  compared  the  rate 
of  release  of  trichloroacetic  acid  soluble  radioactivity  from  ■'•^C-tyrosylated 
tubulin.  Radioactivity  was  released  by  control,  but  not  by  CHS,  extracts. 
The  release  was  not  due  to  a  detyrosylating  enzyme,  however,  (see  2A) ,  but  to 
a  particulate  protease,  since  radioactivity  from  tubulin  labeled  with  3H-leucine 
was  released  in  parallel.  Labeled  actin  was  not  digested. 

5.  Miscellaneous  projects:  During  the  last  year's  squid  season  at 
Woods  Hole  we  made  a  final  attempt  to  repeat  the  experiments  reported  from 
Sakai's  laboratory  on  the  effects  of  perfusing  the  axon  with  tyrosine  and  tu- 
bulin (last  year's  report).  Axons  were  cleared  with  pronase,  and  then  per- 
fused with  medium  containing  500  mM  KF  until  the  action  potential  began  to 
fail.  No  restoration  of  function  was  observed  after  adding  to  the  perfusate: 
tyrosine  +  Mg   +  ATP  +  cAMP,  or  the  same  +  tubulin  or  purified  ligase.  We 
also  perfused  with  maximally  tyrosylated  tubulin,  without  effect. 

Proposed  course  of  project :;    : 

Project  1.  Experiments  are  in  progress  to  determine  whether  MAPS  arms 
periodicity,  or  the  protofi lament  number,  correlate  with  the  different  MAPS 
to  tubulin  stoichiometry  in  microtubules  assembled  from  T-  or  D-tubulin.  We 
would  like  to  compare  dynein  arm  binding  also,  since  this  shows  more  fine 
structure.  We  plan  to  prepare  T  and  D  nucleating  fragments  and  compare  the 
2  types  of  tubulin  for  nucleation  and  elongation.  In  the  liposome  project  we 
plan  to  identify  the  regions  of  tubulin  that  are  embedded  in  the  bilayer, 
and  would  like  to  extend  this  approach  to  biological  membranes. 

Project  2.  We  will  ascertain  whether  there  has  been  preferential  loss  of 
tyrosine  from  polymer  when  CPT  acts  on  tubulin-microtubules  at  steady  state. 
We  hope  to  stabilize  specific  oligomeric  structures  (rings,  sheets,  ribbons, 
etc)  to  characterize  CPT  specificity.  To  study  how  CPT  acts  on  polymer,  we 
can  see  if  it  prefers  ends  by  comparing  rates  with  many  short,  versus  a  few 
long,  microtubules. 

Project  3.  We  need  better  cells  than  brain  mince,  and  a  better  purifi- 
cation of  the  in  vivo  labeled  tubulin,  to  eliminate  background  spontaneous  de- 
tyrosylation. We  would  like  to  show  directly  that  the  tubulin  that  can  be 
detyrosylated  by  ligase,  also  can  not  be  tyrosylated  by  it.  Isoelectric  fo- 
cussing may  be  helpful:  it  splits  a  chain  into  at  least  5  bands  not  all  of 
which  are  labeled  with  tyrosine  in  vivo.  The  general  approach  to  the  nature 
of  non-substrate  tubulin  would  be  to  find  a  cell-free  system  which  could  con- 
vert it  to  substrate  tubulin,  or  vice  versa.  One  could  introduce  in  vitro 
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labeled  (i.e.  substrate)  tubulin  into  delicately  permeabilized  cells.  Or  one 
could  work  with  homogenates  closely  approximating  cells,  seeking  a  system  that 
could  make  ligase-refractory  tyrosylated  tubulin. 

Project  4.  The  different  effects  of  colchicine  on  tyrosine  fixation  in 
con  A,  as  against  chemoattractant,  stimulated  leukocytes  may  help  in  associat- 
ing specific  changes  in  cell  morphology  with  accelerated  tyrosine  fixation. 
We  would  likfe  to  study  the  effects  on  tyrosine  fixation  of  stabilizing  micro- 
tubules with  taxol,  and  of  depolymerizing  them  with  podophyllotoxin.  We  would 
like  to  characterize  the  stimulated  fixation  kinetically  (is  it  turnover?), 
and  in  cell  subcompartments.  Half  the  leukocyte  tubulin  is  particulate;  this 
amount  has  been  found  elsewhere  only  in  brain,  where  it  has  been  simply  attri- 
bilted  to  there  being  so  much  membrane,  in  the  form  of  myelin.  Further  along, 
this  project  may  join  with  project  2  in  asking  whether  assembly/disassembly 
and  tyrosylation/detyrosylation  are  coupled. 

^Publications: 

1.  Nath,  J.,  and  Flavin,  M. :  Tubulin  tyrosylation  in  vivo  and  changes 
accompanying  differentiation  of  cultured  neuroblastoma-glioma  cells.  J.  Biol. 
Chem.  254:  11505-11510,  1979. 

2i  Nath,  J.,  and  Flavin,  M. :  An  apparent  paradox  in  the  occurrence,  and  the 
in  vivo  turnover,  of  C-terminal  tyrosine  in  membrane- bound  tubulin  of  brain. 
J.  Neurochem.,  1980,  in  press. 
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Project  Description 

Objectives:  Our  major  project  is  a  study  of  how  surface  membrane  taken  in  dur- 
ing endocytosis  is  handled  by  the  cell  and  in  what  form  it  is  returned  to  the 
surface.  We  are  using  as  a  model  system  a  small  amoeba,  Acanthamoeba  castel- 
lanii,  a  cell  that  has  an  unusually  high  rate  of  membrane  recirculation  asso- 
ciated with  pinocytosis.  The  problem  is  most  accessible  through  morphological 
techniques  that  examine  the  relevant  membranes  in  situ,  so  that  a  variety  of 
electron  microscopic  procedures  are  being  utilized. 

Methods  employed:  Standard  immunological  procedures  were  used  to  produce  in 
rabbits,  collect,  and  fractionate  IgG  antibodies  made  to  membrane  glycolipids. 
Antibody  titers  were  determined  by  microagglutinin  tests.  Polyacryl amide  gel 
electrophoresis  and  autoradiography  of  gels  were  used  for  study  of  fixed  and 
embedded  cells  and  for  examination  of  isolated  cell  structures.  Transmission 
and  scanning  electron  microscopy  were  used  for  study  of  cell  surfaces  and  sur- 
face labels.  Fluorescence  and  phase-contrast  microscopy  were  used  for  localiz- 
ation of  specific  antigens  in  intact  cells,  cell  fractions  and  in  sections  of 
embedded  material , 
Major  Findings: 

1.  We  have  obtained  antibodies  specific  to  2  fractions  of  lipophosphonoglycan 
(LPG).  LPG  (a  glycosphingol ipid)  is  a  major  component  of  the  Acanthamoeba 
plasma  membrane.  The  two  fractions  are  defined  by  their  separation  into  two 
bands  on  polyacrylamide  gel  electrophoresis,  and  are  designated  by  their  rela- 
tive mobilities  as  "fast"  and  "slow"  LPG.  The  difference  between  these  compo- 
nents has  not  been  completely  characterized,  but  at  least  the  sugar  content  ts 
not  the  same.  The  slow  component  contains  glucose,  mannose,  and  xylose  and 
the  fast  component,  glucose,  mannose,  and  galactose  (Dearborn  et  al.,  J.  Bioil. 
Chem.  251:2976,  1976).  Antibodies  made  to  these  two  fractions  were  not  cross- 
reactive.  Since  the  antigens  are  demonstrable  in  intact  cells,  it  is  likely 
that  the  antibodies  were  induced  against  the  carbohydrate  portions  of  the  mole- 
cules. Radiolabeled  antibodies  to  fast  and  slow  fractions  react  with  their 
respective  fast  or  slow  band  and  not  with  any  other  bands  of  solubilized  whole 
cells  run  on  polyacrylamide  gels,  suggesting  that  they  are  indeed  specific  for 
those  fractions.  We  have  examined  the  localization  of  the  fast  and  slow  LPG 
antigens  in  intact  cells,  in  cell  fractions,  and  in  sections  of  embedded  cells. 
Indirect  immunofluorescent  labeling  of  intact  cells  showed  that  antibodies  to 
both  components  of  LPG  have  the  same,  uniform  distribution  on  the  cell  surface. 
Both  antibodies  also  bind  to  the  cytoplasmic  side  of  isolated  phagosomes,  con- 
firming our  previous  cytochemical  evidence  that  carbohydrate  portions  of  the 
molecules  extend  on  both  the  extracellular  side  and  the  cytoftdasmic  side  of  the 
membranes.  Isolated  nuclei  were  not  reactive,  suggesting  that  the  endoplasmic 
reticulum  (which  forms  the  nuclear  envelope)  also  is  not  reactive.  This  find- 
ing is  reasonable  if  in  Acanthamoeba,  as  in  many  other  cells,  glycosylation  of 
membrane  components  occurs  in  the  Golgi  apparatus.  How  the  molecules  are  gly- 
cosylated on  both  sides  of  the  membrane  is  an  intriguing  problem  which  may  be- 
gin to  be  addressed  if  we  are  able  to  obtain  high  resolution  localizations  of 
these  antigens. 

In  order  to  visualize  LPG  antigenic  sites  inside  the  cell,  it  was  necessary  to 
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obtain  sections  of  fixed  and  embedded  cells  in  which  the  liPG  antigenic  sites 
were  retained  in  a  reactive  condition.  For  this  purpose  we  used  gentle  fixa- 
tion with  glutaraldehyde  and  a  water  soluble  embedding  medium,  polyethylene 
glycol.  The  antigenic  studies  were  demonstrated  in  sections  with  an  indirect 
method  that  couples  horseradish  peroxidase  (HRP)  to  the  specific  antibodies. 
THe  HRP  can  then  be  demonstrated  cytochemical ly.  In  sections,  the  localiza- 
tions of  both  LPG  fractions  to  the  plasma  membrane  and  not  to  the  nuclear  en- 
velope were  confirmed.  In  addition,  as  might  be  expected,  digestive  vacuole 
membranes  were  labeled.  An  additional  important  observation  was  made.  The 
contractile  vacuole  membrane,  which  is  functionally  and  morphologically  differ- 
ent from  the  plasma  and  vacuole  membranes  was  strongly  reactive  to  LPG  anti- 
bodies. The  very   small  vesicles  found  abundantly  in  the  cytoplasm  and  related 
to  the  plasma  membrane  and  vacuolar  system,  were  not  resolved  with  these  light 
microscopic  studies.  The  distribution  of  LPG  in  these  small  vesicles  is  im- 
portant to  determine  since  they  are  thought  to  be  a  major  pathway  of  the  mem- 
brane shuttle  from  vacuole  to  plasma  membrane,  but  the  development  of  electron 
microscopic  methods  for  localization  will  be  required. 

We  have  also  examined  whether  the  specific  antibodies  might  be  suitable  as 
markers  to  follow  membrane  transit  in  living  cells.  Cells  were  labeled  with 
antibody  at  0°,  washed,  reincubated,  and  the  distribution  of  the  antibody  fol- 
lowed. Cells  were  fixed,  permeabilized,  and  examined  by  indirect  immunofluor- 
escence at  10,  30,  and  60  min  after  reincubation.  By  10  min  internal  vacuoles 
showed  a  fluorescent  rim.  The  vacuoles  remained  fluorescent  for  the  duration 
of  the  experiment.  During  this  time  the  label  did  not  disappear  from  the  sur- 
face. Virtually  all  internal  vacuoles  except  the  contractile  vacuole  became 
labeled,  but  fluorescence  also  appeared  free  in  the  vacuole  in  some  cases. 
These  observations  directly  demonstrate  the  exchangeability  of  vacuole  and 
plasma  membrane,  but  suggest  that  the  specific  antibodies  are  not  an  entirely 
stable  label  when  applied  to  the  living  cell.  In  contrast  to  the  behaviour  of 
the  antibodies  to  the  LPGs,  fluorescein-Con  A(Fl-ConA)  which  presumably  labels 
the  same  molecule  as  the  antibodies,  patches  and  caps  on  the  cell  surface. 
Some  Fl-ConA  is  also  endocytosed  and  appears  to  be  stripped  from  the  cell  sur- 
face when  internalized  and  is  expelled  from  the  cell  as  brightly  fluorescent 
granules.  The  membrane  of  cells  reacted  with  ConA,  when  examined  in  the  elec- 
tron microscope,  shows  considerable  vesiculation.  It  appears  that  the  membrane 
separates  , from  the  cell  as  small  blebs,  but  tends  to  remain  adherent  to  the 
surface,  probably  due  to  the  cross-linking  action  of  the  ConA.  This  debris 
then  accumulates  as  a  cap.  Thus  ConA  is  much  more  damaging  to  the  plasma  mem- 
brane than  are  specific  antibodies  under  the  same  conditions.  We  are  attempting 
to  examine  the  surface  of  cells  treated  with  ConA  and  with  antibodies  at  high 
resolution  with  replicas  of  frozen-etched  cell  surfaces  in  order  to  determine 
the  reasons  for  this  difference. 

2.  The  cell  wall  of  Saccharomyces  cervisiae  is  formed  by  3  polysaccharide  poly- 
mers: mannan,  glucan,  and  chitin.  Mannan  and  glucan  form  the  bulk  of  the  wall 
material.  Chitin  is  concentrated  in  the  region  of  bud  scars  (remnant  of  the 
separation  site  between  mother  and  daughter  cell).  It  has  been  found  previous- 
ly that  chitin  occurs  as  a  ring  around  the  base  of  the  developing  bud  and  that 
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it  forms  the  primary  septum  that  separates  the  finished  daughter  cell  from  the 
mother  cell.  Last  year  we  reported  results  that  show  chitin  synthase  itself  is 
not  localized,  but  is  found  generally  distributed  on  the  yeast  cell  membrane. 
Thus,  there  appeared  to  be  a  highly  restricted  spatial  (and  temporal)  expression 
of  chitin  synthase  activity.  As  part  of  a  continuing  collaboration  with  Enrico 
Cabib,  aimed  at  understanding  how  the  yeast  cell  controls  chitin  synthase,  we 
have  attempted  this  year  to  apply  electron  microscopic  methods  for  chitin  locali- 
zation j_n  situ. 

Identification  of  chitin  on  thin  sections  allows  more  sensitive  localization  of 
the  site  and  timing  of  chitin  synthase  activity  than  can  be  achieved  with  the 
combinations  of  selective  extractions  and  chemical  analyses  used  previously.  We 
have  used  wheat  germ  agglutinin  (WGA)-labeled  colloidal  gold  as  an  EM  probe. 
WGA  binds  specifically  to  n-acetylglucosamine,  the  chitin  monomer.  The  results 
are  preliminary,  due  to  several  technical  problems,  but  the  images  already 
suggest  a  new  finding  -  namely  that  cellular  spatial  control  of  chitin  synthase 
has  some  slippage.  The  newly  formed  buds  show  no  chitin  deposition  in  the  wall, 
but  cells  which  have  budded  show  variable  amounts  of  label  in  the  wall.  At  each 
budding  cycle  there  appears  to  be  some  small  amount  of  chitin  synthesized  ran- 
domly around  the  wall  in  addition  to  intense  and  morphologically  well-defined 
deposition  at  the  site  of  budding.  This  observation  is  relevant  in  defining 
working  hypotheses  for  control  mechanisms. 

Proposed  course  of  project:  We  will  attempt  to  obtain  localizations  at  the 
electron  microscopic  level  of  antibodies  to  Acanthamoeba  membrane  LPGs. 

Publications: 

Bowers,  B.  Morphological  study  of  plasma  and  phagosome  membranes  during 
endocytosis  in  Acanthamoeba.  J.  Cell  Biol.  84:246-260,  1980. 

Molano,  J.,  Bowers,  B. ,  and  Cabib,  E.:  Distribution  of  chitin  in  the  yeast 
cell  wall.  An  ultrastructural  and  chemical  study.  J.  Cell  Biol.,  85:199-212, 
1980. 
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Project  Description 

Objectives:  Previously,  we  have  shown  that  Acanthamoeba  castellanii  contains 
at  least  three  myosin  isoenzymes,  each  a  product  of  a  different  structural 
gene.  Myosin  lA  and  IB  have  native  molecular  weights  of  about  150,000  and 
consist  of  one  heavy  chain  (130,000  daltons  for  lA  and  125,000  daltons  for 
IB)  and  two  light  chains  (17,000  and  14,000  daltons  for  lA  and  27,000  and 
14,000  daltons  for  IB).  Myosin  II  has  a  native  molecular  weight  of  about 
400,000  and  consists  of  two  heavy  chains  of  170,000  daltons  and  two  pairs  of 
light  chains  of  17,500  and  17,000  daltons.  Peptide  maps  of  the  heavy  chains 
of  the  three  myosins  show  no  similarities  and  the  three  enzymes  are  also  dis- 
tinguishable immunochemically.  This  year  we  had  four  major  objectives. 

(1)  Cellular  localization  of  the  myosin  isoenzymes.  Indirect  evidence  had 
suggested  that  all  three  enzymes  occurred  in  the  same  cells.  Because  this  is 
the  first  example  of  myosin  isoenzymes  in  a  non-muscle  cell  and  because  of 
the  unusually  low  molecular  weight  of  their  heavy  chains  it  was  important  to 
establish  that  a  single  amoeba  does  contain  all  three  isoenzymes,  to  show  that 
the  isolated  proteins  are  not  degradation  products  of  the  native  molecules,  to 
obtain  some  evidence  for  the  localization  of  the  several  myosins  within  the 
cell,  and  to  determine  if  similar  enzymes  occur  in  other  cells.  Progress 
towards  each  of  these  goals  has  been  made  this  year. 

(2)  ATP  site  and  phosphorylation  site  of  myosin  I.  The  Mg-ATPase  activi- 
ties of  myosins  lA  and  IB  are  actin-activated  only  when  their  heavy  chains 
are  phosphorylated.  The  isolated  enzymes  are  non-phosphorylated  but  we 
have  previously  paritally  purified  a  myosin  I  heavy  chain  kinase  that  speci- 
fically phosphorylated  the  130,000-and  125,000-dalton  heavy  chains  to  give 
actin-activated  enzymes.  This  year  we  initiated  studies  to  determine  the 
relationship  between  the  phosphorylation  site  and  the  ATP-binding  site, 
both  of  which  we  knew  were  on  the  heavy  chains  of  the  isoenzymes,  and  to  de- 
termine whether  phosphorylation  is  an  activation  or  a  derepression  of  the 
actin-activated  ATPase  activity. 

(3)  Actin-activatable  myosin  II.  In  contrast  to  myosin  lA  and  IB,  we  have 
had  great  difficulty  in  obtaining  a  preparation  of  myosin  II  whose  ATPase 
activity  was  actin  activatable  despite  the  fact  that  in  other  respects  this 
isoenzyme  more  closely  resembles  myosins  from  other  sources  than  do  myosins 
lA  and  IB.  A  major  goal  this  year  was  to  isolate  an  actin-activatable  myosin 
II  and,  if  possible,  to  determine  the  basis  of  the  regulation  of  actin-acti- 
vation  of  myosin  II. 

(4)  Acanthamoeba  myosin  III.  The  three  isoenzymes  just  described  account 
for  about  90%  of  the  total  myosin- like  ATPase  activity  in  extracts  of  the 
amoeba.  A  fourth  minor  myosin-like  ATPase  fraction  has  consistently  been  ob- 
served in  elution  patterns  from  agarose  gel  columns.  Another  goal  this  year 
was  to  purify  that  activity,  here  referred  to  as  myosin  III,  and  to  determine 
if  it  is  related  to  myosin  lA,  IB  or  II  or  is  yet  another  myosin  isoenzyme. 

Methods  employed  and  findings: 

rn  Cellular  localization  of  the  myosin  isoenzymes.  To  obtain  monospecific 
antibodies  against  the  three  myosin  isoenzymes,  the  antibodies  previously 
raised  against  the  purified  enzymes  were  used  to  immunoprecipitate  each  of  the 
isoenzymes  specifically  from  extracts  of  whole  amoebae.  The  immunoprecipi- 
tates  were  separated  by  SDS-polyacrylamide  gel  electrophoresis  and,  in  each 
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case,  only  one  Coomassie  blue-stainable  band  was  found  in  the  region  of  the 
heavy  chains.  The  heavy  chains  were  excised  and  used  in  new  rabbits  to  raise 
antibodies  directed  specifically  at  the  heavy  chains  of  each  of  the  three 
myosins  isoenzymes.  In  this  way,  a  contaminating  polypeptide  would  have  had 
to  have  been  precipitated  by  the  antibody  directed  against  the  purified  mysoin 
and  have  had  the  same  electrophoretic  mobility  as  its  heavy  chain.  To  test  the 
specificity  of  each  of  the  antibodies,  whole  amoebae  were  boiled  in  SDS  and 
the  polypeptides  separated  by  polyacryl amide  gel  electrophoresis.  Individual 
lanes  were  transferred  and  covalently  linked  to  diazobenzyloxymethyl  paper, 
reacted  with  one  of  the  three  specific  antibodies  and  then  with  ^^bi.iabeled 
protein  A  which  reacts  with  the  antibodies  bound  to  the  paper  by  reaction  with 
the  antigen.  The  location  of  any  protein  that  reacts  with  the  antibodies  can 
then  be  detected  by  autoradiography.  Antibodies  to  mysoin  lA,  IB  and  II  heavy 
chain  reacted  exclusively  with  polypeptides  of  130,000,  125,000  and  170,000 
daltons,  respectively,  proving  that  each  was  specific  and  that  the  amoeba  does 
not  contain  higher  molecular  polypeptides  that  are  precursors  of  the  isolated 
molecules. 

These  antibodies  were  then  used  for  indirect  immunofluorescence  cytochemical 
studies.  Amoebae  were  allowed  to  adhere  to  glass  slide,  made  permeable  with 
cold  acetone,  and  exposed  to  one  of  the  three  antibodies  followed  by  rhoda- 
mine-labeled  goat  anti-rabbit  antibody.  The  cells  were  then  photographed  un- 
der phase  contrast  and  fluorescence  microscopy.  Every  cell  in  every  field 
was  found  to  react  with  each  of  the  three  antobodies  proving  that  every  cell 
contains  all  three  myosin  isoenzymes.  Moreover,  by  this  assay,  myosins  lA 
and  IB  seemed  to  be  relatively  more  concentrated  at,  or  near,  the  cell  peri- 
phery while  myosin  II  was  largely  excluded  from  this  area. 

The  differential  localization  of  the  three  myosin  isoenzymes  was  confirmed 
in  several  ways.  First,  sections  of  glutaraldehyde-fixed  cells  were  reacted 
with  one  of  the  three  antibodies,  then  with  goat-anti rabbit  antibody  coupled 
to  horseradish  peroxidase,  and  the  location  of  the  antibodies  determined  by 
the  peroxidase  reaction.  The  results  were  the  same  as  for  the  immunofluores- 
cence studies.  Then,  plasma  membranes  were  isolated  by  techniques  developed 
earlier  in  this  laboratory.  The  isolated  plasma  membranes  were  positive  for 
myosins  lA  and  IB  and  negative  for  myosin  II  in  the  indirect  immunofluores- 
cence assay  and  were  greatly  enriched  in  the  heavy  cahins  of  myosins  lA  and 
IB  when  analyzed  by  SDS-polyacryl amide  gel  electrophoresis  and  ^25i_p^otein 
A  staining. 

Indirect  immunofluorescence  assays  demonstrated  that  the  presence  of  proteins 
similar  to  the  three  myosin  isoenzymes  in  three  other  amoebae:  another  strain 
of  Acanthamoeba  castellanii,  Acanthamoeba  astronyxis  and  Nigleria  gruberii . 

(2)  ATP  site  and  phosphorylation  site  of  myosin  I.  Exposure  of  myosin  I A 
and  [^H]ATP  to  ultraviolet  light  at  4°  for  approximately  1  hour  results  in  the 
incorporation  of  about  0.1  mol  of  nucleotide/mol  of  myosin.  Evidence  that 
this  covalent  labeling  involves  the  active  site  of  the  enzyme  includes  (a)  the 
enzyme  is  labeled  with  [a-32p]ATP  but  not  with  [y-32p]ATP  suggesting  that  the 
bound  ATP  is  hydrolyzed  to  ADP,  (b)  labeling  also  occurs  with  other  substrates 
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or  products  such  as  GTP,  UTP  and  ADP  but  not  with  AMP,  (c)  labeling  is  inhibi- 
ted by  pyrophosphate,  which  inhibits  enzymatic  activity,  but  not  by  phosphate 
which  does  not  inhibit  the  enzyme,  (d)  the  incorporated  label  is  in  the  form 
of  ADP  so  the  ATP  has  been  hydrolyzed.  Labeling  with  DTP  is  more  efficient, 
about  0.5  mol/mol.  Similar  labeling  occurs  with  mysoin  II  and  smooth  muscle 
myosin.  SDS-polyacrylamide  gel  electrophoresis  and  autoradiography  reveals 
that  all  of  the  label  is  incorporated  into  the  heavy  chains  of  all  of  the  my- 
osins. The  production  of  labeled  peptides  when  ATP-labeled  myosin  lA  was  de- 
graded with  subtilisin  was  followed  by  SDS-polyacrylamide  gel  electrophoresis. 
Radioactivity  sequentially  appeared  in  peptides  of  130,000  (the  heavy  chain), 
115,000,  28,000  and  16,000. 

When  myosin  lA  was  incubated  with  myosin  I  heavy  chain  kinase  and  [■y-32p]ATP 
only  the  heavy  chain  became  labeled.  When  degraded  by  subtilisin  under  con- 
ditions identical  to  those  used  for  the  ATP-labeled  enzyme,  radioactivity  ap- 
peared sequentially  in  peptides  of  130,000  (heavy  chain)  115,000,  87,000  and 
low  molecular  peptides  at  the  front.  Thus,  a  115,000  dalton  peptide  retains 
both  the  ATP-site  and  the  phosphorylation  site  but  the  subsequent  87,000- 
dalton  fragment  that  contains  the  phosphorylation  site  does  not  contain  the 
ATP-site  and  the  28,000-dalton  peptide  that  contains  the  ATP-site  does  not 
contain  the  phosphorylation-site.  It  may  be  that  the  115,000-dalton  peptide 
is  cleaved  to  the  87,000  and  28,000  dalton  peptides  whose  combined  molecular 
weight  is  115,000.  Separation  of  the  ATP-labeled  site  from  the  phosphorylated- 
site  can  also  be  accomplished  by  CNBr  cleavage  (at  methionine  residues)  fol- 
lowed by  chromatography  on  Sephadex  G-25. 

Limited  digestion  of  myosin  lA  by  subtilisin  to  fragments  of  "native  molecular 
weights  in  the  range  of  17,000-68,000  in  which  the  largest  major  peptide  is 
28,000  daltons  can  be  accomplished  with  no  loss  of  any  of  its  enzymatic  acti- 
vities including  actin-activated  Mg-ATPase.  When  non-phosphorylated  myosin  is 
treated  in  this  way  with  subtilisin,  the  digestion  products  are  fully  activa- 
table  by  actin  even  without  phosphorylation  although  the  original  myosin  was 
not  actin-activa table.  This  strongly  suggests  that  enhancement  of  actin-acti- 
vation  by  phosphorylation  of  intact  myosin  I  is  a  derepression  which  can  also 
be  accomplished  by  proteolytic  removal  of  the  non-phosphorylated  peptide. 

(3)  Actin-activatable  myosin  II.  An  excellent  procedure  has  been  developed 
which  routinely  produces  mghly  actin-activatable  myosin  II  in  about  50% 
yield,  about  10  mg/100  g  wet  weight  amoebae.  The  procedures  involve  dialysis 
of  the  crude  extract  at  low  ionic  strength  to  precipitate  actomyosin  II,  dia- 
lysis against  an  appropriate  buffer  to  depolymerize  excess  actin,  solubiliza- 
tion of  the  myosin  in  KCl  containing  ATP,  chromatography  on  agarose  columns, 
and  removal  of  traces  of  nucleic  acid  by  DEAE-cellulose.  The  product  has  the 
same  high  Ca-ATPase  and  low  K,  EDTA-ATPase  activities  as  the  enzyme  prepared 
by  other  procedures  had  but,  for  the  first  time,  its  Mg-ATPase  activity  is 
highly  actin-activated  to  an  activity  of  about  0.2  ymol/min/mg. ,  a  value  as 
high  as  has  been  obtained  for  any  non-muscle  myosin  other  than  Acanthamoeba 
myosins  lA  and  IB.  Myosin  II  prepared  by  this  procedure  is  indistinguishable 
from  the  product  of  the  other  procedures  in  native  molecular  weight  on  aga- 
rose columns  or  in  its  subunits  as  judges  by  SDS-polyacrylamide  gel  electro- 
phoresis and  isoelectric  focussing  of  its  light  chains. 
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From  past  experience,  there  were  two  obvious  possibilities  to  explain  the 
actin-activation  of  these  preparations  of  myosin  II;  (a)  heavy  chain  phos- 
phorylation as  for  Acanthamoeba  myosins  lA  and  IB,  or  (b)  light  chain  phos- 
phorylation as  for  smooth  muscle  and  vertebrate  non-muscle  myosins.  Heavy 
chain  phosphorylation  seemed  unlikely  because  we  knew  that  previous  non-actin- 
activatable  preparations  of  myosin  II  were  phosphorylated  on  their  heavy 
chains.  Therefore,  we  isolated  myosin  II  by  the  new  procedure  from  amoebae 
grown  in  the  presence  of  32p  and  analyzed  the  distribution  of  radioactivity 
by  autoradiography  of  SDS-polyacrylamide  electrophoretic  gels.  Although  the 
preparation  was  highly  actin-activatable  and  the  heavy  chains  were  radioac- 
tive, the  light  chains  contained  no  radioactivity.  Therefore,  the  actin- 
activation  of  myosin  II  Mg-ATPase  did  not  seem  to  involve  phosphorylation  of 
its  light  chains. 

On  the  assumption  that  it  was,  as  for  myosins  lA  and  IB,  the  heavy  chain  phos- 
phorylation that  allowed  actin-activation  of  myosin  II,  and  that  previous  pre- 
parations were  inactive  for  reasons  unrelated  to  their  state  of  phosphoryla- 
tion, we  incubated  myosin  II  with  commercial  potato  acid  phosphatase  and  with 
a  smooth  muscle  myosin  phosphatase  provided  by  Drs.  Pato  and  Adelstein.  De- 
phosphorylation  was  monitored  by  the  loss  of  radioactivity  as  measured  by 
quantitative  scans  of  autoradiograms.  Both  enzymes  could  remove  almost  all  of 
the  radioactivity  form  32p_niyosin  II.  But  instead  of  a  loss  in  actin-activa- 
tion there  was  an  enhancement  of  actin-activation  in  parallel  with  the  loss  of 
radioactivity.  The  dephosphorylated  myosin  was  actin-activated  to  specific 
ATPase  activities  about  3-fold  greater  than  the  original  myosin  to  final  acti- 
vities about  0.75  ymol/min/mg.  Careful  analysis  of  Coomassie  blue-stained 
electrophoretic  gels  showed  no  evidence  of  proteolysis  and  inhibitors  of 
the  phosphatase  activity  showed  identical  inhibition  of  the  enhancement  of 
the  actin-activated  myosin  ATPase. 

Direct  chemical  analysis  of  the  phosphate  content  of  actin-activatable  myosin 
II  gives  a  value  of  about  1.94  mol/mol  of  myosin  or  0.97  mol/mol  of  myosin 
heavy  chain.  Dephosphorylation  lowers  the  value  to  about  0.35  mol/mol  of 
heavy  chain.  Myosin  II  prepared  by  methods  that  lead  to  an  essentially  non- 
actin-activatable  enzyme  contains  a  higher  content  of  phosphate,  about  3.8 
mol/mol  of  myosin  or  1.4  mol  P/mol  of  heavy  chain.  It, too,  becomes  highly 
actin-activatable  when  dephosphorylated  to  0,31  mol  P/mol  of  heavy  chain. 
From  these  data,  it  seems  possible  that  fully  phosphorylated  myosin  might  con- 
tain 2  mol  P/mol  heavy  chain  and  not  be  activated  by  actin.  Myosin  II  pre- 
pared by  a  procedure  that  leads  to  its  partial  dephosphorylation  would  be  par- 
tially actin-activated  and  actin-activation  would  be  enhanced  by  removing  ad- 
ditional phosphates  with  phosphatases. 

This  is  the  first  example  of  a  myosin  in  which  phosphorylation  decreases,  ra- 
ther than  increases,  actin-activation  of  its  Mg-ATPase.  It  is  particularly 
intriguing  because  phosphorylation  of  the  other  myosin  isoenzymes  in  the  same 
amoeba  has  exactly  the  opposite  effect. 

(4)  Acanthamoeba  myosin  III.  The  protein  responsible  for  the  remaining  10% 
of  myosin-! ike  ATPase  activity  in  Acanthamoeba  has  been  highly  purified  in 
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small  yield.  It  is  clearly  a  single- headed  enzyme,  like  myosins  lA  and  IB, 
with  a  native  molecular  weight  of  about  210,000,  but  has  a  heavy  chain  of 
about  165,000  daltons,  similar  to  but  different  from,  the  170,000-dalton 
heavy  chain  of  myosin  II.  The  enzyme  is  not  sufficiently  pure  to  be  sure  of 
its  light  chain  composition.  The  most  striking  feature  of  this  enzyme  is  its 
very  high  ATPase  activities.  The  Ca-ATPase  and  K,EDTA-ATPase  activities  are 
7  and  1,5  ymol/min/mg,  respectively,  which  are  in  the  same  ratio  as  for  myosin 
II  but  about  10  times  higher.  The  actin-activated  Mg-ATPase  activity  of 
myosin  III  is  about  28  ymol/min/mg  which  is  about  10  times  higher  than  has 
been  observed  for  any  preparation  of  myosin  II  and  3  times  higher  than  for 
myosins  lA  and  IB.  We  could  find  no  evidepce  for  the  formation  of  myosin  III 
by  degradation  of  radioactively  labeled  (-^^S-methionine),  myosin  II  but  very 
high  concentrations  of  antibodies  raised  against  myosin  II  heavy  chain  do  in- 
activate the  ATPase  activity  of  myosin  III.  At  this  time,  we  do  not  know  if 
myosin  III  is  a  fourth  Acanthamoeba  myosin  isoenzyme  or  a  degradation  product 
of  myosin  II. 

Proposed  course  of  research 

Although  the  relative  amount  of  time  to  be  spent  on  each  has  not  yet  been  de- 
termined, we  hope  to  pursue  most  of  the  same  problems  next  year.  More  evi- 
dence, perhaps  by  cytochemistry  at  the  electron  microscopic  level,  will  be 
gathered  for  the  differential  localization  of  the  myosin  isoenzymes.  Efforts 
will  be  made  to  study  the  physical  properties  of  myosins  lA  and  IB,  in  par- 
ticular whether  they  can  form  bipolar  filaments,  the  nature  of  their  inter- 
action with  F-actin,  and  whether  they  can  bind  to  cell  membranes.  Studies 
will  be  undertaken  to  determine  the  number  and  site  of  all  possible  phosphate 
groups  on  the  heavy  chain  of  myosin  II.  We  will  try  to  isolate  the  kinase  and 
phosphatase  from  the  amoeba  that  are  responsible  for  regulating  the  state  of 
phosphorylation  of  this  enzyme.  We  will  examine  the  nature  of  the  Ca- sensiti- 
vity of  myosin  II  for  which  we  have  some  evidence. 
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As  in  the  recent  past,  research  in  the  Laboratory  of  Cellular  Metabolism 
is  largely  concentrated  on  the  enzymes  responsible  for  the  synthesis  and 
degradation  of  cAMP  and  cGMP  through  which  many  hormones,  drugs,  and  other 
agents  influence  cellular  functions.  In  the  Section  on  Cellular  Pharmacol- 
ogy, studies  of  histamine  metabolism  and  action  along  with  investigations 
of  the  inflammatory  process  and  anti -inflammatory  drugs  are  continuing. 

1.  Cyclic  Nucleotide  Phosphodiesterases 

We  reported  last  year  that,  in  addition  to  the  three  major  types  of  soluble 
phosphodiesterases  found  in  many  tissues,  there  is  a  fourth  form  in  rat 
liver.  This  probably  had  not  been  detected  earlier,  because  with  the  pro- 
cedures widely  used  for  initial  fractionation  it  is  not  separated  from  the 
calmodul in-dependent  phosphodiesterase.  We  have  now  completed  characteri- 
zation of  this  enzyme.  In  molecular  size,  kinetic  properties,  failure  to  be 
activated  by  calmodulin,  and  effects  of  certain  proteases  on  its  activity, 
it  differs  from  the  other  soluble  liver  phosphodiesterases.  We  have  shown 
that  this  phosphodiesterase  is  present  in  cultured  hepatoma  (HTC)  cells, 
where  its  activity  is  decreased  by  glucocorticoid  treatment.  No  calmodulin- 
sensitive  phosphodiesterase  was  detected  in  the  HTC  cells,  although  they 
apparently  contain  calmodulin. 

The  calmodul in-sensitive  phosphodiesterase  has  now  been  purified  3600-  to 
4200- fold  from  bovine  brain  supernatant  by  two  different  methods.  Both 
types  of  preparations  show  a  single  major  peptide  (58,000  daltons).  Enzymes 
purified  by  both  methods  have  the  same  specific  activity  in  the  presence  of 
calmodulin,  but  one  is  activated  six-  to  tenfold  by  calmodulin  and  the  other 
only  three-  to  fivefold.  The  latter  enzyme  appears  to  contain  closely  re- 
lated isozymes,  two  major  ones  with  isoelectric  points  of  5.45-5.50  and 
5.60-5.65.  Limited  proteolysis  with  a-chymotrypsin  produced  a  catalytically 
active  peptide  of  '^  40,000  daltons.  It  did  not  bind  to  calmodul in-Sepharose 
nor  was  it  activated  by  calmodulin,  suggesting  that  the  calmodulin-sensitive 
domain  has  been  removed.  We  are  now  attempting  to  prepare  monoclonal  anti- 
bodies to  the  phosphodiesterase  with  the  hope  of  obtaining  antibodies  spe- 
cific for  different  domains  in  the  protein  which  should  be  useful  for  their 
isolation  and  characterization  as  well  as  for  subcellular  localization  of 
the  enzyme.  An  antibody  specific  for  the  calmodul in-binding  portion  of  the 
phosphodiesterase  might  also  interact  with  other  calmodul in-binding  pro- 
teins. The  method  of  target  theory  analysis  was  used  in  collaborative 
studies  to  estimate  the  molecular  size  of  the  phosphodiesterase.  Samples 
were  subjected  to  high  energy  ionizing  radiation  for  varying  periods  and 
the  loss  of  enzymatic  activity  determined.  The  functional  size  of  the 
catalytic  moiety  estimated  in  this  way  was  60,000  daltons,  irrespective  of 
whether  purified  enzyme,  gel  filtration  fractions,  or  crude  supernatant 
was  irradiated.  The  same  value  was  observed  when  gel  filtration  fractions 
of  Mr  range  60,000  to  70,000  or  120,000  to  150,000  daltons  were  used. 
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These  data  are  consistent  with  the  view  that  the  active  enzyme  unit  is  a 
monomer,  although  associated  forms  may  be  present  in  solution. 

In  collaboration  with  scientists  in  NIMH,  we  investigated  the  effects  of 
carboxymethylation  on  the  function  of  calmodulin.  Calmodulin  proved  to  be, 
relative  to  other  purified  proteins  that  have  been  tested,  an  excellent 
substrate  for  carboxymethylase.  Its  ability  to  activate  phosphodiesterase 
was  decreased  by  carboxylation.  As  both  the  carboxymethylase  and  demethyl- 
ating  enzymes  are  present  in  many  cells,  this  type  of  covalent  modification 
could  be  involved  in  regulation  of  the  activity  of  phosphodiesterase  (and 
perhaps  other  enzymes  that  are  activated  by  calmodulin). 

2.  Adenylate  Cyclase 

Work  in  this  area  has  been  focussed  on  the  mechanism  by  which  choleragen 
activates  adenylate  cyclase  and  the  GTP-binding  protein  that  appears  to  be 
ADP-ribosylated  by  the  toxin.  We  have  also,  in  collaboration  with  scien- 
tists at  Johns  Hopkins  University  and  NINCDS,  further  studied  the  role  of 
ganglioside  G^i  in  toxin  binding  to  the  cell  surface.  3T3-L1  cells  (mouse 
embryo  fibroblasts  cloned  by  Green  and  Kehinde)  differentiate  in  culture 
into  cells  with  morphology  and  other  characteristics  typical  of  adipocytes. 
It  was  shown  that  Gjv]i  is  present  in  3T3  fibroblasts  but  detectable  only 
with  special  methodology  in  mouse  adipocytes.  During  differentiation  of 
3T3-L1  cells,  we  found  a  50  to  60%  decrease  in  total  ganglioside  content 
and  a  75  to  85%  decrease  in  G|v|i.  In  both  LI  fibroblasts  and  differentiated 
adipocytes,  G^i   represented  <  5%  of  the  total  ganglioside.  There  was  an 
inverse  correlation  between  the  percentage  of  adipocytes  in  a  cell  popula- 
tion and  total  ganglioside  or  Gjvji  content  as  well  as  surface  G^i  estimated 
by  choleragen  binding.  It  appears  that  changes  in  G^i  content  (choleragen 
binding)  may  be  a  useful  marker  for  differentiation  in  these  cells. 

We  have  reported  that  choleragen  and  its  A  subunit  exhibit  NAD  glycohydro- 
lase  as  well  as  ADP-ribosyltransferase  activity.  Others  have  recently 
claimed  that  the  former  activity  Is  due  to  a  contaminating  enzyme.  The 
ability  of  choleragen  to  catalyze  NAD  hydrolysis  is  relevant  to  its  mecha- 
nism of  action;  It  demonstrates  that  the  toxin  can  activate  the  ribosyl- 
nicotinamlde  bond  in  the  absence  of  an  acceptor  more  complex  than  water. 
We,  therefore,  confirmed  our  earlier  observation  that  the  purified  Aj  pep- 
tide of  choleragen  (liberated  from  the  A  subunit  by  reduction  of  the 
single  disulfide  bond  that  links  It  to  the  A2  peptide)  possessed  NAD  glyco- 
hydrolase  activity  not  detected  in  the  A2  peptide  or  the  B  subunit.  All 
of  the  activity  in  our  choleragen  preparation  cochromatographed  with  the 
Ai  peptide,  the  ADP-ribosyltransferase  activity,  and  the  ability  to  acti- 
vate adenylate  cyclase.  Alkylated  Ai  peptide  was  as  active  in  both  the 
NAD-glycohydrolase  and  ADP-ribosyltransferase  assays  as  unmodified  A]^. 
Based  on  a  common  sequence  involving  the  cysteine  and  two  adjacent  amino 
acids  in  the  Aj  peptide  and  the  a-subunit  of  glycopeptide  hormones, 
Ledley  et  al .  suggested  that  toxin  and  the  hormone  might  have  similar 
mechanisms  of  action.  As  an  unmodified  cysteine  is  not  required  for 
activity  of  the  A^  peptide,  however,  it  is  unlikely  that  the  sequence 
homology  with  the  a-subunit  occurs  in  a  critical  region  or  is  related 
to  an  ability  to  catalyze  similar  reactions. 
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We  have  now  purified  to  homogeneity  an  ADP-ribosyltransferase  from  turkey 
erythrocytes  which  appears  to  be  a  glycoprotein  of  molecular  weight  28,000. 
With  arginine  methyl  ester  as  the  ADP-ribose  acceptor,  specific  activity  of 
the  transferase  is  considerably  higher  than  that  of  choleragen.  Although 
both  catalyze  the  same  model  reactions,  they  differ  in  their  relative  abil- 
ities to  use  different  purified  proteins  or  proteins  in  tissue  fractions  as 
ADP-ribose  acceptors  and  in  their  capacities  to  use  NADP  in  place  of  NAD. 
As  the  transferase  is  inhibited  by  thymidine,  nicotinamide,  and  theophyl- 
line, some  effects  of  these  compounds  on  cells  may  be  due  to  inhibition  of 
ADP-ribosylation.  We  found  earlier  that  the  transferase  (plus  NAD)  acti- 
vated brain  adenylate  cyclase  but  have  now  shown,  in  collaborative  studies, 
that  its  effects  in  other  cyclase  systems  differ  from  those  of  choleragen. 
Thus,  the  role  of  the  endogenous  ADP-ribosyltransferase  in  cellular  metabo- 
lism remains  to  be  defined. 

Others  have  found  that  several  proteins  in  cell  membranes  can  be  ADP-ribo- 
sylated  by  choleragen;  the  principal  one  has  a  molecular  weight  similar  to 
that  of  the  GTP-binding  protein  component  of  the  adenylate  cyclase.  We 
showed  last  year  that  the  presence  of  GTP  is  required  for  activation  of  ade- 
nylate cyclase  (ADP-ribosylation),  for  stabilization  of  the  activated  enzyme, 
and  for  expression  of  maximal  catalytic  activity  in  the  assay.  We  have  now 
investigated  the  effects  of  GTP  on  choleragen-catalyzed  ADP-ribosylation. 
With  [32p]NAD  as  substrate,  GTP  increased  ADP-ribosylation  of  numerous  pro- 
teins in  a  fraction  from  bovine  thymus.  Other  nucleoside  triphosphates  were 
less  effective  and  GDP,  GMP,  or  cGMP  were  ineffective.  ADP-ribosylation  of 
several  purified  proteins  was,  depending  on  the  protein,  either  increased, 
decreased,  or  unaffected  by  GTP.  Thus,  enhancement  by  GTP  of  its  cholera- 
gen-catalyzed ADP-ribosylation  is  itself  insufficient  to  implicate  that  pro- 
tein in  adenylate  cyclase  regulation.  The  fact  that  choleragen  can  ADP-ribo- 
sylate  a  wide  variety  of  proteins  is  consistent  with  the  possibility  that 
intoxication  results  in  the  covalent  modification  of  more  than  one  cellular 
protein  and  perhaps  alters  the  activity  of  enzymes  in  addition  to  adenylate 
cyclase.  To  begin  to  define  the  role  of  the  GTPbindlng  protein  in  the  ade- 
nylate cyclase  system,  we  are  purifying  it  from  porcine  erythrocyte  mem- 
branes, which  have  virtually  none  of  the  catalytic  component  of  the  cyclase. 
The  GTP-binding  protein  is  assayed  by  reconstitution  with  membranes  from  a 
lymphoma  cell  variant  that  lacks  this  protein;  In  Its  absence,  the  catalytic 
component,  which  the  cells  do  not  lack,  is  Inactive.  The  GTP=b1nding  pro- 
tein, partially  purified  from  detergent  extracts  with  ion-exchange,  hydro- 
phobic, and  molecular  sieve  chromatography,  has  an  apparent  molecular 
weight  (gel  filtration)  of  130,000. 

3.  Guanylate  Cyclase 

Following  an  early  step  in  purification,  the  guanylate  cyclase  from  rat 
liver  requires  for  maximal  activity  the  addition  of  a  component(s)  separated 
at  this  stage.  Numerous  earlier  attempts  to  purify  this  "activator"  using 
standard  methods  for  protein  fractionation  were  unsuccessful.  We  have  now 
found  that  "activator"  survives  exposure  to  0.5  N  NaOH  for  hours  ~  20°  and 
after  this  treatment  can  be  extensively  purified  using  ion-exchange  chroma- 
tography and  gel  filtration.  Products  of  the  reactions  catalyzed  by  highly 
purified  preparations  of  soluble  guanylate  cyclase  from  rat  liver  were 
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identified  and  quantified  with  ^Ip  nMR  spectroscopy.  Utilization  of  this 
technique  necessitated  modification  of  the  standard  assay  conditions. 
Higher  concentrations  of  enzyme  and  substrate,  Mg2+  instead  of  Mn2+,  and 
longer  incubation  times  (up  to  46  h)  were  employed.  Revision  of  our  re- 
ported procedure  for  purification  of  the  cyclase  provided  an  enzyme  with 
specific  activity  higher  than  those  of  our  earlier  preparations.  31p  n^r 
spectra  obtained  during  incubation  of  this  enzyme  showed  that  the  rates  of 
GTP  disappearance  and  cGMP  accumulation  were  constant  for  ~  16  h  but  indi- 
cated the  presence  of  inorganic  pyrophosphatase.  This  was  removed  by  pre- 
parative electrophoresis  yielding  enzyme  with  specific  activities  (900-1300 
nmol/min/mg  protein)  higher  than  those  reported  for  mammalian  guanylate 
cyclases.  With  this  preparation,  cGMP  and  PP^-  in  amounts  equivalent  to  the 
amount  of  GTP  consumed  were  the  only  products  detected,  consistent  with  the 
presumption  that  the  guanylate  and  adenylate  cyclase  reactions  are  analo- 
gous. Using  the  highly  purified  enzyme,  we  are  now  examining  in  detail  the 
effects  of  thiols  and  oxidation  or  blockage  of  sulfhydryl  groups  on  cata- 
lytic activity. 

4.  Regulation  of  Lipid  Metabolism  in  Mammalian  Cells 

Studies  of  fatty  acid  metabolism  in  cultured  human  fibroblasts  and  skeletal 
muscle  cells  have  been  initiated  this  year.  A  number  of  myopathies  and 
neuropathies  are  associated  with  the  abnormal  deposition  of  lipid,  and  in 
certain  genetically  transmitted  diseases  there  is  a  striking  accumulation 
of  long-chain  fatty  acids  normally  present  in  trace  amounts,  e.g.,  phytanic 
acid  in  Refsum's  syndrome,  the  biochemical  basis  of  which  was  elucidated 
several  years  ago,  largely  through  work  in  this  laboratory.  Increased 
amounts  of  hexacosanoic  acid  are  found  in  tissues  of  patients  with  adreno- 
leukodystrophy  or  adrenomyeloneuropathy.  We  are  synthesizing  the  ^^C-la- 
beled  fatty  acid  to  investigate  its  metabolism  by  fibroblasts  from  patients 
with  these  diseases  in  collaboration  with  scientists  from  NICHHD.  Carnitine 
is  a  cofactor  in  mitochondrial  fatty  acid  oxidation.  Several  patients  with 
a  myopathy  characterized  histologically  by  the  presence  of  intracellular 
lipid  droplets  in  skeletal  muscle  have  been  described.  The  carnitine  con- 
tent of  the  muscle  is  low  and  the  name  of  "carnitine  deficiency"  has  been 
applied  to  this  syndrome,  although  it  is  not  clear  that  the  patients  are  in 
fact  carnitine  "deficient"  in  the  usual  sense  or  that  the  disease  has  a 
single  etiology.  We  have  found  no  abnormality  in  carnitine  uptake  or 
effects  on  palmitic  acid  oxidation  in  fibroblasts  from  two  patients  who  are 
being  studied  by  investigators  in  NINCDS.  Experiments  with  skeletal  muscle 
cells  are  in  progress.  We  have  found  that  dexamethasone  stimulated  pal- 
mitate  oxidation  in  fibroblasts  and  this  effect  was  observed  also  when  oxi- 
dation was  increased  by  carnitine.  The  reported  beneficial  effect  of 
glucocorticoid  therapy  in  some  patients  with  "carnitine  deficiency"  may  be 
related  to  its  ability  to  enhance  fatty  acid  oxidation. 

It  is  generally  recognized  that  the  rate  of  cholesterol  synthesis  in  many 
mammalian  cells  is  controlled  by  the  activity  of  hydroxymethylglutaryl 
Coenzyme  A  (HMGCoA)  reductase,  which  is  subject  to  negative  feedback  regula- 
tion by  cholesterol.  We  have  investigated  the  possibility  that  other 
enzymes  in  the  pathway  of  cholesterol  synthesis  might  be  subject  to  similar 
control  and  reported  last  year  that  mevalonate  kinase  activity  in  fibroblasts 
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was  altered  in  parallel  with  HMGCoA  reductase  in  response  to  serum  lipopro- 
teins, although  the  changes  were  of  lesser  magnitude.  We  have  recently 
found  similar  effects  on  mevalonate  pyrophosphate  decarboxylase  activity. 
Like  HMGCoA  reductase,  mevalonate  kinase  activity  was  increased  by  incuba- 
tion of  cells  with  insulin  but  decarboxylase  activity  was  unchanged.  Serum 
low  density  lipoprotein  (LDL)  reduces  HMGCoA  reductase  (and  cholesterol 
synthesis)  as  a  result  of  its  interaction  with  specific  receptors  on  the 
cell  surface.  Antibodies  to  the  LDL  receptor  could  be  useful  for  quantifi- 
cation, localization,  characterization,  and/or  purification.  Monoclonal 
antibodies  would  be  particularly  advantageous  for  these  purposes.  We  have 
prepared  hybridomas  by  fusion  of  spleen  cells  from  an  immmunized  mouse  with 
myeloma  cells  and  are  now  screening  to  select  and  clone  those  hybrids  that 
are  producing  antibodies  to  the  LDL  receptor. 

5.  Mechanism  of  Action  of  Anti- Inflammatory  Drugs 

We  showed  earlier  that  nonsteroidal  anti -inflammatory  drugs  inhibit  prolif- 
eration of  cultured  hepatoma  (HTC)  cells  and  fibroblasts.  Cells  are  inhib- 
ited in  the  Gi  phase  of  the  cell  cycle  and,  on  removal  of  indomethacin, 
resume  growth  in  synchrony.  Alterations  in  amino  acid  transport  accompany 
these  changes.  The  rate  of  transport  of  methyl  ami noisobutyric  acid  (MeAIB), 
a  substrate  for  the  "A"  transport  system,  reaches  a  minimum  3  to  4  h  after 
addition  of  indomethacin  and  returns  to  normal  within  4  h  following  its 
removal.  Kinetic  studies  this  year  indicated  that  the  anti -inflammatory 
drugs  did  not  alter  affinities  for  amino  acid  or  Na"*"  but  rather  appeared  to 
decrease  the  number  of  functional  carriers  in  the  cell  membrane.  Uptake  of 
MeAIB  occurred  through  low  and  high  affinity  components.  The  latter  was 
prominent  at  all  stages  of  growth  of  transformed  cells  but  in  nontransformed 
cells  tended  to  disappear  as  cultures  approached  confluency.  It  was  selec- 
tively inhibited  by  indomethacin.  In  both  transformed  and  nontransformed 
cells,  the  drug  shifted  the  pattern  of  amino  acid  transport  to  that  observed 
in  confluent  nontransformed  cells,  i.e.,  uptake  was  largely  through  the  "L" 
and  low  affinity  "A"  systems.  These  changes  were  correlated  with  effects 
on  cell  growth.  Thus,  the  anti -inflammatory  drugs  may  be  useful  in  study 
of  the  cell  cycle  and  associated  changes  in  amino  acid  transport.  Similar 
effects  of  indomethacin  were  observed  in  rat  lymphocytes.  A  high  affinity 
component  of  the  "A"  system  was  selectively  inhibited  when  indomethacin 
was  added  to  the  cells  or  when  it  was  administered  to  rats  before  harvesting 
lymphocytes,  consistent  with  the  possibility  that  the  drug  may  influence 
amino  acid  uptake  by  cells  in  vivo  as  well  as  in  vitro. 

As  a  counterpart  to  studies  with  cultured  cell,  we  are  using  as  models  of 
inflammation  carrageenan-  and  dextran-induced  pleurisy  in  rats.  Carrageenan 
induces  an  intense,  short-lived  inflammation,  characterized  by  accumulation 
of  large  numbers  of  neutrophils.  Last  year  we  found  that  indomethacin  did 
not  interfere  with  the  production  or  release  of  white  cells  by  bone  marrow 
and  lymphoid  organs  but  prevented  recruitment  from  the  blood  stream.  We 
have  now  shown  that  appearance  of  serum  proteins  in  the  pleural  cavity  and 
generation  of  chemotactic  activity  occurs  before  neutrophil  infiltration. 
Indomethacin  aborts  these  reactions  whether  given  before  or  after  the  onset 
of  cell  accumulation.  In  contrast  to  carrageenan,  which  does  not  cause 
degranulation  of  mast  cells  or  accumulation  of  large  amounts  of  fluid, 
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higher  molecular  weight  dextrans  induced  extensive  degranulation  of  mast 
cells  and  edema  shortly  after  injection  Into  the  pleural  cavity;  relatively 
few  neutrophils  were  accumulated..  With  low  molecular  weight  dextrans,  the 
converse  occurred;  there  was  little  degranulation  of  mast  cells  (or  early 
edema)  but  extensive  infiltration  of  neutrophil So  Dextrans  of  intermediate 
size  produced  both  responses.  Indomethacin  blocked  infiltration  of  neutro- 
phils but  had  no  effect  on  the  edema.  It  is  concluded  that  histamine  re- 
lease and  neutrophil  infiltration  are  independent  phenomena  (although  both 
may  occur  simultaneously)  and  that  indomethacin  has  no  effect  on  permeabil- 
ity changes  that  result  from  mast  cell  degranulation. 

6.  Role  of  Histamine  in  Gastric  Secretion  and  in  Brain 

Histamine  is  a  physiological  mediator  of  gastric  secretion,  but  little  is 
known  about  Its  storage,  mechanism  of  release,  or  inactivatlon  in  the  gas- 
tric mucosa.  The  location  of  gastric  histamine  differs  in  different  species. 
We  have  studied  highly  purified  cell  fractions  from  gastric  mucosa  prepared 
by  Dr.  Andrew  Soil  in  collaboration  with  Morton  Grossman  at  the  Wadsworth 
V.  A.  Hospital  in  Los  Angeles.  In  rat,  rabbit,  and  dog,  histamine  and  his- 
tidine  decarboxylase  are  localized  in  a  single  type  of  cell.  In  the  dog, 
this  cell  has  a  morphology  characteristic  of  a  mast  cell  and  lies  in  the 
lamina  propria  in  close  proximity  to  the  parietal  celK  As  a  major  portion 
of  the  mucosal  histamine  methyl  transferase  activity  is  associated  with  the 
parietal  cells,  this  could  explain  the  failure  to  detect  free  histamine  in 
the  gastric  juice  and  the  circulation  in  the  dog.  In  the  rat,  the  hist- 
amine-containing.  cell ,  situated  in  the  gastric  gland  itself  but  at  some  dis- 
tance from  parietal  cells,  has  the  characteristics  of  an  enterochromaffin 
cell.  It  contains  abundant  DOPA  and  histidine  decarboxylase  activities  and 
has  many  of  the  properties  of  an  "APUD"  cell.  Rat  gastric  mucosa,  unlike 
that  of  the  dog,  contains  no  histamine  methyl  transferase  activity,  which  may 
account  for  the  appearance  of  histamine  In  rat  urine  during  cholinergic-  or 
gastrin-stimulated  gastric  secretion.  Although  these  studies  have  provided 
useful  information  on  differences  in  histamine  storage  and  metabolism  in 
different  species,  in  extensive  studies,  freshly  Isolated  histamine-contain- 
ing  cells  from  rat  and  dog  have  proved  refractory  to  a  wide  range  of  hist- 
amine-releasing  agents.  We  recently  found,  however,  that  after  24  h  in  cul- 
ture mast  cells  from  dog  liver  and  mucosa  released  histamine  on  exposure  to 
Ca"*"*"  ionophore  or  hlstamine-releasing  peptides.  Thus,  it  is  now  possible  to 
investigate  the  mechanism  of  histamine  release  from  these  cells. 

There  is  much  circumstantial  evidence  that  histamine  is  a  neurotransmitter 
in  mammalian  brain.  Although  histamine  is  localized  in  regions  that  repre- 
sent phylogenetically  older  parts  of  the  brain,  there  has  been  no  systematic 
study  of  its  occurrence  in  primitive  vertebrates.  Our  studies  with  12  repre- 
sentative species  indicate  that  histamine  has  been  present  in  brain  through- 
out vertebrate  evolution.  In  fish  and  amphibia  that  do  not  have  a  true  cere- 
bral cortex  (neopallium)  or  wel  1 -developed  cerebellum,  histamine  levels  were 
especially  high  in  neural  tissue  and  low  in  most  peripheral  tissues.  In 
dogfish,  histamine  was  present  throughout  the  brain  stem  as  well  as  in  the 
spinal  cord  but  was  concentrated  in  the  midbrain  (hypothalamus)  region;  a 
large  fraction  of  this  was  recovered  in  washed  synaptosomal  preparations. 
Histamine  methyl  transferase  activity  was  high  In  the  central  nervous  systems 
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of  all  species;  diamine  oxidase  activity  was  found  also  in  some  fish  and 
amphibia.  These  findings  are  consistent  with  the  view  that  histamine  is 
a  neurotransmitter  and  that,  at  least  in  primitive  vertebrates,  histami- 
nergic  neurones  innervate  regions  of  the  forebrain  associated  with  sensory 
stimuli  (olfactory  and  optic  lobes)  which  constitute  a  major  portion  of 
the  brain  mass  in  fish  and  amphibia. 
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phosphodiesterases  in  several  tissues  have  been  studied  to  characterize 
their  regulatory  properties.  In  other  studies,  we  have  found  that  with  the 
differentiation  of  3T3-L1  fibroblasts  into  cells  having  morphological  and 
biochemical  characteristics  of  adipocytes  is  the  appearance  of  a  particulate 
phosphodiesterase  which  exhibits  a  high  affinity  for  cAMP  and  cGMP. 
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Project  No.  ZOl  HL  00603-06  CM 

Project  Description: 

Objectives:  To  characterize  the  multiple  forms  of  cyclic  nucleotide 
phosphodiesterases  that  catalyze  the  degradation  of  cAMP  and  cGMP  in  mammal- 
ian tissues  and  their  relationships  to  each  other.  To  elucidate  the  mecha- 
nisms through  which  the  activities  of  these  enzymes  are  regulated,  e.g., 
by  hormones,  ions,  or  proteolysis  and  expressed  in  various  cell  types. 

Methods  Employed:  Cyclic  nucleotide  phosphodiesterase  activity  is 
assayed  by  published  methods  modified  in  this  laboratory.  For  purification 
of  phosphodiesterases  and  regulatory  proteins  (e.g.,  calmodulin),  ion  ex- 
change chromatography,  gel  filtration,  preparative  electrophoresis  and 
affinity  chromatography  are  used  as  needed. 

Major  Findings:  Regulation  of  Calmodulin  Activity.  An  enzyme,  car- 
boxyl -methyl ase,  can  covalently  modify  proteins  by  catalyzing  the  methyl a- 
tion  of  free  carboxyl  groups.  Calmodulin,  a  highly  acidic  protein  (pi  'V'4.0) 
with  high  glutamic  acid  content,  is  a  good  substrate  for  the  protein  car- 
boxyl -methyl  ase.  On  a  molar  basis,  methylation  of  calmodulin  was  almost 
twice  that  of  luteinizing  hormone,  one  of  the  most  effective  substrates  pre- 
viously known  for  protein  carboxyl -methyl ase.  Methylation  of  calmodulin 
reduced  its  capacity  to  activate  phosphodiesterase. 

Regulation  of  Phosphodiesterase  Activity  in  3T3-L1  Fibroblasts.  3T3-L1 
fibroblasts  under  the  influence  of  isomethyl butyl  xanthine  and  dexamethasone 
in  the  presence  or  absence  of  insulin  accumulate  triglyceride  and  take  on  the 
appearance  of  fat-laden  adipocytes.  During  the  course  of  this  differentia- 
tion, there  is  a  marked  increase  in  the  activity  of  a  phosphodiesterase  with 
high  affinities  for  cAMP  and  cGMP.  This  enzyme  was  partially  purified  after 
solubilization  of  the  particulate  fraction  in  Triton  X-100  by  chromatography 
on  DEAE-Biogel  in  a  gradient  of  NaCl ,  and  no  evidence  for  separation  of  the 
two  activities  was  obtained. 

Significance  to  Biomedical  Research:  1)  Knowledge  of  properties  of 
cyclic  nucleotide  phosphodiesterases  and  their  regulation  is  necessary  to 
understand  mechanisms  for  control  of  cAMP  and  cGMP  content  in  cells  and 
tissues  such  as  cardiac  muscle  and  lung. 

2)   Knowledge  of  regulation  of  calmodulin  and  calmodulin-sensitive 
phosphodiesterase  should  facilitate  understanding  of  Ca"*""*"  regulation  of 
other  enzyme  systems,  e.g.,  adenylate  cyclase. 

Proposed  Course:  1)  Complete  characterization  of  various  forms  of 
cyclic  nucleotide  phosphodiesterases,  e.g.,  the  interrelationships  between 
and  localization  of  these  forms. 

2)  Elucidate  mechanisms  for  regulation  of  activity  and  for  differential 
expression  of  specific  forms  of  cyclic  nucleotide  phosphodiesterases  in  dif- 
ferent types  of  cells. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  cAMP  content  of  cultured  human  fibroblasts  is  increased  by  incubation 
of  cells  with  several  effectors,  e.g.,  bradykinin,  PGEi ,  isoproterenol, 
and  choleragen.  Bradykinin  presumably  produces  its  effects  by  stimulation 
of  prostaglandin  synthesis;  isoproterenol  and  PGE^  by  interacting  v^ith  spe- 
cific receptors  "coupled"  to  adenylate  cyclase;  choleragen  by  promoting  the 
ADP-ribosylation  of  a  regulatory  component  of  the  cyclase  system. 

Cellular  responsiveness  to  these  effectors  can  be  independently  altered  by 
incubation  of  cells  with  agents,  such  as  glutamine,  indomethacin,  dexametha- 
sone,  and  choleragen 


In  preliminary  experiments,  bradykinin  was  found  to  increase  cGMP  but  not 
cAMP  content  of  cultured  pig  aortic  smooth  muscle  cells. 
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Project  Description: 

Objectives:  To  elucidate  the  mechanisms  through  which  several  hormones, 
other  physiological  "messengers"  and  drugs  influence  the  synthesis  and 
degradation  of  cyclic  nucleotides  in  cultured  cells.  Cultured  cells  serve 
as  excellent  model  systems  of  relatively  homogeneous  populations  of  cells 
which  can  be  grown  and  studied  under  defined  conditions. 

Methods  Employed:  Cultured  cells  grown  under  standard  conditions;  cAMP 
and  cGMP  purified  by  techniques  developed  in  the  laboratory  and  assayed  by 
commercially  available  radioimmunoassay. 

Major  Findings:  Regulation  of  cAMP  content.  Cultured  fibroblasts  re- 
spond to  bradykinin,  isoproterenol,  prostaglandin  Ej,  and' choleragen  with 
an  increase  in  cAMP. 

This  effect  of  bradykinin  is  enhanced  by  fetal  calf  serum,  glutamine, 
and  increases  dramatically  with  duration  of  subculture.  Duration  of  sub- 
culture has  little  effect  on  the  response  of  PGE^  but  markedly  reduces  the 
response  to  isoproterenol. 

Anti -inflammatory  agents,  e.g.,  dexamethasone  and  indomethacin,  reduce 
responsiveness  to  bradykinin,  presumably  by  inhibiting  prostaglandin  produc- 
tion. Dexamethasone  increases  responsiveness  to  isoproterenol  and  PGEj. 

Prolonged  incubation  with  bradykinin  reduces  responsiveness  to  this 
agonist.  Prolonged  incubation  with  PGEj  reduces  responsiveness  to  brady- 
kinin and  PGEi  and,  to  a  lesser  extent,  isoproterenol.  Brief  incubation 
with  choleragen  increases  responsiveness  to  low  concentrations  of  PGE^, 
bradykinin,  and  isoproterenol.  Longer  incubations  decrease  responsiveness 
to  isoproterenol  but  not  to  bradykinin. 

Regulation  of  cAMP  Content.   Cultured  smooth  muscle  cells  respond  to 
bradykinin  and  histamine  with  a  rapid  (20  sec)  increase  in  cGMP  but  not  cAMP. 
PGEi  increases  cAMP  but  not  cGMP  in  these  cells. 

Mechanism  of  Action  of  Bradykinin.  In  human  fibroblasts,  bradykinin 
increases  phospholipid  methylation,  alters  Ca''"''"  flux,  and  promotes  release 
of  arachidonic  acid  from  phospholipid,  prostaglandin  synthesis,  and  synthe- 
sis of  cAMP.  We  have  attempted  to  identify  steps  required  for  cAMP  genera- 
tion in  response  to  bradykinin  by  use  of  selective  inhibitors.  Inhibition 
of  prostaglandin  synthesis  by  indomethacin  or  inhibition  of  phospholipase  A2 
and  arachidonic  acid  release  by  quinacrine  inhibits  cAMP  production.  Puta- 
tive inhibitors  of  phospholipid  methylation  neither  completely  inhibit  phos- 
pholipid methylation  nor  bradykinin-stimualted  cAMP  production. 

Significance  to  Biomedical  Research:  Several  hormones,  neurotransmitters 
and  other  humoral  agents  exert  effects  on  cells  by  altering  metabolism  of 
cAMP  and/or  cGMP.  Various  effectors  activate  adenylate  cyclase  by  different 
mechanisms,  and  fibroblasts  are  a  good  model  system  in  which  to  determine  how 
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responsiveness  to  hormones  and  other  humoral  agents  can  be  regulated  both 
independently  and  in  a  coordinate  manner.  Fibroblast  may  be  particularly 
useful  for  learning  how  cell  function  is  influenced  by  a  locally  generated 
effector,  i.e.,  bradykinin. 

Proposed  Course:  Continued  study  of  regulation  of  cAMP  and  cGMP  con- 
tent by  bradykinin  and  other  effectors. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Hepatic  guanylate  cyclase  was  further  purified  and  characterized.     The  most 
highly  purified  preparation  had  a  specific  activity  of  0.9  to  1.3  ymol/mg- 
min,  S20W  0"''  6.38,  Stokes  radius  of  47.1  A,  and  molecular  v^eight  of 
133,000  daltons  with  a  monomer  molecular  weight  of  69,000  daltons.     The 
products  of  the  guanylate  cyclase  reaction,  cGMP  and  PPi  were  definitively 
identified  and  quantitated  by  ^^P  NMR.     An  activator  of  guanylate  cyclase 
from  rat  liver  was  further  purified  and  characterized. 
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Project  Description: 

Objectives:  To  purify  guanylate  cyclase  and  elucidate  the  mechanisms 
that  regulate  its  activity. 

Methods  Employed:  Guanylate  cyclase  is  assayed  in  a  system  containing 
1  mM  [a-^^P]GTP,  5  mM  MnCl2,  1  mM  cGMP.  6  mM  theophylline,  50  pg  of  acti- 
vator, and  Tris-Cl  buffer,  pH  7.4.  [32p]cGMP  was  purified  through  columns 
for  radioassay.  The  cyclase  from  supernatant  of  tissue  homogenates  is  puri- 
fied using  salt  fractionation,  ion  exchange,  gel  filtration,  affinity  chroma- 
tography, and  electrophoresis. 

Major  Findings:  Purification  and  Characterization  of  Hepatic  Guanylate 
Cyclaie.  ^^P  NMR  (nuclear  magnetic  resonance)  has  been  utilized  to  modify 
the  purification  procedure  of  guanylate  cyclase  from  rat  liver  as  well  as 
to  identify  and  quantify  the  products  of  the  reaction,  cGMP  and  inorganic 
pyrophosphate.  Incubation  conditions  different  from  those  in  the  usual 
assay  were  required.  Since  it  was  necessary  to  accumulate  high  concentra- 
tions of  products,  high  concentrations  of  enzyme  and  substrate  were  uti- 
lized. Because  of  the  paramagnetic  effect  of  Mn"*""*",  Mg "•■■*■  was  substituted; 
this  reduced  the  reaction  rate  by  80-90%.  Theophylline,  which  inhibited 
purified  guanylate  cyclase,  activator  fraction,  which  only  slightly  in- 
creased activity  at  high  enzyme  concentrations,  and  the  cGMP  "trapping  pool" 
were  omitted. 

Purification  procedures  were  as  previously  reported  (Tsai  et  al . , 
J.  Biol.  Chem.  253:  8452,  1978)  through  (NH4)2S04  precipitation,  chromatog- 
raphy on  DEAE-Biogel  and  phenyl -Sepharose.  After  chromatography  on  Ultro- 
Gel  AcA34,  guanylate  cyclase  was  applied  to  a  column  of  GTP-Agarose.  A 
small  amount  of  phosphodiesterase  was  removed  with  O.i  N  NaCl ;  guanylate 
cyclase  (specific  activity  0.3-0.5  ymol/mg/min)  was  eluted  with  0.3  M  NaCl . 

During  incubation  of  guanylate  cyclase  from  Agarose-GTP  for  16  hr,  NMR 
spectra  showed  a  progressive  increase  in  signal  of  "^^P  cGMP  as  well  as  "^•'•PP^ 
and  31p-phosphorus  and  a  decrease  in  signals  of  Pa,  Pg  and  PyGTP.  After 
46  hr,  20  min  of  incubation,  it  was  calculated  that  the  reaction  mixture  con- 
tained 0.48  mM  GTP.  1.56  mM  cGMP,  1.18  mM  PPj,  and  1.10  mM  P^.  There  were 
no  signals  of  Pa,  PB  GDP,  or  ^Ip  5'-GMP.  This  demonstrated  that  the  enzyme 
was  free  of  nucleotidase  (GDPase)  and  phosphodiesterase  but  contained  pyro- 
phosphatase. Therefore,  the  enzyme  was  subjected  to  preparative  polyacryl- 
amide  gel  electrophoresis  in  200  mM  glycine  buffer,  pH  7.8,  to  remove  pyro- 
phosphatase and  other  contaminated  proteins.  With  cyclase  purified  by  pre- 
parative electrophoresis  (specific  activity  0.9-1.3  ymol/mg/min),  cGMP  and 
PP-j  were  the  only  products  observed  in  NMR  spectra.  After  incubation  for 
15  hr  with  2  mM  GTP,  the  spectrum  indicated  the  presence  of  0.71  mM  cGMP  and 
1.28  mM  GTP.  This  most  highly  purified  preparation  exhibited  the  highest 
specific  activity  reported  from  any  mammalian  tissue.  This  purified  cyclase 
has  a  sedimentation  constant  (S20w)  of  6.38,  Stokes  radius  of  47.1  A,  and 
molecular  weight  of  133,000.  On  SDS-polyacrylamide  gel  electrophoresis,  the 
cyclase  revealed  a  major  stained  protein  band  which  correlated  well  with  the 
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amount  of  enzyme  activity  applied  and  a  very  lightly  stained  band.  We  have 
also  purified  the  cyclase  from  calf  liver  with  the  same  procedure  and  ob- 
tained a  specific  activity  of  0.9  pmol/mg/rrnn.  The  purified  cyclase  from 
calf  liver  contained  the  69,000  dalton  band. 

The  calf  liver  guanylate  cyclase  purified  from  GTP-Agarose  was  inhib- 
ited by  oxidized  glutathione  (GssG)  and  p-chloromercuribenzoate  (pCMB).  The 
cyclase  lost  S0%  of  its  activity  at  30°C  for  10  min  but  was  partially  pro- 
tected by  addition  of  100  yg  y-globulin  and  completely  prevented  by  the 
addition  of  oniy  12  yg  of  a  partially  purified  activator  from  rat  liver. 
The  cyclase  (in  the  presence  of  y-globulin)  was  inhibited  50%  by  10  mM  GssG; 
inhibition  by  GssG  required  incubation  at  30°C  for  5  min.  Addition  of  8  mM 
dithiothreitol  returned  the  activity  to  control  level.  pCMB,  10  yM,  inhib- 
ited 95%  of  the  cyclase  activity,  and  the  inhibition  was  completely  reversed 
by  dithiothreitol. 

Activator  of  Guanylate  Cyclase.  Guanylate  cyclase  activity  is  increased 
by  a  fraction  prepared  from  rat  liver  as  previously  described  (Tsai  et  al. , 
J.  Biol.  Chem.  253:  8452,  1978).  The  activator  fraction  was  stable  to  the 
treatment  with  0.5  N  NaOH  at  room  temperature  overnight.  Chromatography  of 
the  NaOH-treated  fraction  was  excluded  from  the  column;  the  other  (pll  frac- 
tion) was  eluted  with  approximately  200  mM  NaCl  solution.  10  to  300  yg  of 
pll  maximally  activated  the  cyclase.  Chromatography  of  the  pi!  fraction  on 
BioGel-A  1.5  column  yielded  2  protein  peaks  which  increased  guanylate  cyclase 
activity;  one  was  excluded  in  the  void  volume  and  the  other  was  retained  in 
the  column.   After  incubation  of  the  pll  fraction  with  1%  SDS  and  5%  mer- 
captoethanol  ac  100°C  for  20  min  and  chromatography  on  Sephacryl  S-300 
equilibrated  and  eluted  in  the  absence  of  SDS,  a  single  protein  peak  with  a 
molecular  weight  of  150,000  daltons  was  obtained.  The  activation  of  the 
cyclase  was  coincident  with  this  protein  profile.  The  activator  was  capable 
of  activating  guanylate  cyclase  purified  from  both  rat  and  calf  livers. 

Significance  to  Biomedical  Research:  Although  at  present  information 
concerning  the  metabolism  and  functions  of  cyclic  GMP  is  limited,  it  appears 
that  this  nucleotide  may  be  of  special  importance  in  the  development,  physi- 
ology, and  pathology  of  lung,  vascular  smooth  muscle,  and  kidney. 

Proposed  Course:  We  shall  further  characterize  the  properties  of  pure 
guanylate  cyclase  and  also  purify  the  activators  in  order  to  study  their 
interaction  with  and  mechanisms  of  activation  of  guanylate  cyclase. 

Publications:  Tsai,  S.-C,  Shindo,  H.,  Manganiello,  V.C. ,  Adamik,  R. ,  and 
Vaughan,  M.:  Products  of  reaction  catalyzed  by  purified  rat 
liver  guanylate  cyclase  determined  by  31 p  nmr  spectroscopy. 
Proc.  Natl.  Acad.  Sci .  U.S.A.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Calmodul in-dependent  cyclic  nucleotide  phosphodiesterase  from  bovine  brain 
has  been  purified  by  two  methods,  yielding  enzymes  with  identical  specific 
activities.  SDS  ^el  electrophoresis  of  the  purified  enzyme  yields  a  single 
major  polypeptide  of  58,000  daltons.  The  catalytic  properties  of  the  enzyme 
in  the  presence  of  calmodulin,  polyamines,  and  metal  ions  have  been  examined. 
The  use  of  £H  gradient  chromatography  on  ion  exchange  gel  and  electro- 
focusing  of  the  purified  enzyme  indicate  (at  least)  two  calmodul in-stimu- 
lated isoenzymes.  Limited  proteolysis  of  the  purified  enzyme  yields  a  cata- 
lytically  active  peptide  of  ^  40,000  daltons  which  does  not  interact  with  a 
calmodul in-Sepharose  affinity  gel. 
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Objectives:     To  purify  the  calmodul in-dependent  phosphodiesterase  from 
bovine  brain  and  characterize  the  enzymatic  and  physical   properties  of  the 
protein(s).     To  investigate  the  interaction  of  the  calmodul in-binding  regions 
of  the  enzyme  after  limited  proteolysis  and  to  examine  the  molecular  basis  of 
the  apparent  chromatographic  and  electrophoretic  heterogeneity  in  the  puri- 
fied enzyme  activity. 

Methods  Employed:     Two  methods  have  been  used  to  purify  the  enzyme  to 
'^70%  homogeneity.      In  Method  I,  supernatant  is  fractionated  by  use  of  pH 
gradient  chromatography  on  anion-exchange  cellulose  or  gels.     The  fraction 
eluting  between  pH  5.8  and  5.3  is  pooled  and  further  purified  by  gel  filtra- 
tion on  Sephacryl   S-200  and/or  hydrophobic  chromatography  on  phenyl   or 
hexyl-Sepharose.     The  active  fraction  is  then  applied  to  an  affinity  gel 
of  calmodul in-Sepharose  and  eluted  with  EGTA.     Method  II  utilizes  calcium 
phosphate  gel   adsorption  of  supernatant  activity  followed  by  repeated  gel 
filtration  and  affinity  chromatography. 

The  method  of  "target  theory"  analysis  has  been  used  to  estimate  the 
molecular  size  of  the  catalytic  moiety.     In  this  method,  samples  frozen  at 
-150°C  were  subjected  for  varying  periods  of  time  to  high  energy  ionizing 
irradiation.     The  loss  of  activity  as  a  function  of  irradiation  can  be  used 
to  estimate  the  apparent  size  of  the  protein. 

Major  Findings:     The  calmodul in-sensitive  enzyme  purified  by  either  of 
the  two  methods  yields  an  activity  3,600-  to  4,200-fold  purified  over  super- 
natant, with  a  peptide  of  58,000  daltons  being  the  major  component  (-v.  70%) 
stained  on  SDS  gels.     The  functional   size  of  the  catalytic  moiety  determined 
by  target  theory  analysis  corresponds  to  60,000  daltons,   irrespective  of 
whether  purified  enzyme,  gel  filtration  fractions,  or  crude  supernatant  was 
irradiated.     The  same  value  was  observed  when  gel   filtration  fractions  of  Mp 
range  60,000  to  70,000  daltons  or  120,000  to  150,000  daltons  were  used. 
Taken  together,  these  data  suggest  the  active  enzyme  unit  is  a  monomer, 
although  higher  associated  forms  of  the  enzyme  may  be  present. 

The  enzyme  purified  by  Method  I  appears  to  be  several   closely  related 
isoenzymes.     When  the  enzymes  are  electrofocused,  two  major  activity  peaks 
are  observed  with  isoelectric  points  of  5.45-5.50  and  5.60-5.65.     The  enzyme 
activity  is  stimulated  3-  to  5-fold  by  Ca"*""*"  and  calmodulin  with  an  apparent 
half-maximal   stimulation  at  5  x  10"10  M  calmodulin.     Limited  proteolysis  of 
the  enzyme  by  a-chymotrypsin  yields  a  major  polypeptide  of  '\' 40,000  daltons 
which  is  catalytically  active.     The  protein  is  not  stimulated  by  calmodulin, 
nor  can  it  bind  to  calmodul in-Sepharose,  suggesting  the  calmodulin-sensitive 
domain  has  been  cleaved. 

The  enzyme  purified  by  Method  II  exhibits  a  specific  activity  identical 
to  that  prepared  by  Method  I   (40-50  ymol   cGMP  hydrolyzed  per  min/mg  protein 
at  30°C)  but  is  stimulated  6-  to  10-fold  in  the  presence  of  calmodulin. 
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Findings  not  Directly  Related  to  Purification  of  the  Enzyme:  The  puri- 
fication method  introduced  previously,  sequential  adsorption-electrophoresis, 
has  been  carried  out  successfully  with  enzyme  bound  to  calcium  phosphate  gel 
and  with  phenyl -Sepharose,  indicating  the  general  utility  of  this  method  for 
separation  of  proteins  bound  to  adsorbents  or  affinity  matrices. 

Significance  to  Biomedical  Research:  Many  biochemical  effectors,  such 
as  hormones,  are  known  to  produce  changes  in  the  activity  of  mammalian  cells 
by  altering  the  rate  of  synthesis  and/or  degradation  of  cyclic  nucleotides. 
The  present  study  of  the  enzyme  involved  in  the  regulation  of  the  processes 
is  important  for  understanding  the  normal  and  pathologic  cellular  activity 
and  will  permit  design  of  rational  therapeutic  approaches.  The  increasing 
significance  of  calmodul in-mediated  events  in  diverse  cellular  functions 
makes  the  attempt  to  define  the  molecular  domain  and  mechanism  of  action  of 
this  mediator  of  Ca"'''^-dependent  effects  important. 

Publication:   Kincaid,  R.L.  and  Vaughan,  M. :  Sequential  adsorption-el ec- 
trophoresis:  Combined  procedure  for  purification  of  calcium- 
dependent  cyclic  nucleotide  phosphodiesterase.  Proc.  Natl. 
Acad.  Sci.  U.S.A.  76:  4903-4907,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Current  work  is  focused  on  purification  and  regulation  of  cGMP  phosphodi- 
esterase in  bovine  brain.  The  cGMP  phosphodiesterase  activity  being  studied 
is  activated  in  the  presence  of  calcium  and  calmodulin  and  may  be  modulated 
by  other  factors  as  well.  Recent  advances  in  the  production  of  monoclonal 
antibodies,  using  specialized  cell  fusion  techniques,  permit  the  isolation 
and  characterization  of  extremely  specific  antibodies  to  complex  antigens. 
Such  antibodies  made  in  response  to  highly  purified  phosphodiesterase  prepa- 
rations are  useful  for  pursuing  various  investigations  including  enzyme 
localization  and  regulation  on  the  cellular  level. 
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Project  Description: 

Objectives:  The  activities  of  cyclic  nucleotide  phosphodiesterases  in 
mammalian  tissues  are  under  stringent  regulatory  control.  Studies  concern- 
ing such  regulation  as  well  as  those  probing  tissue  specificity  and  locali- 
zation of  phosphodiesterase  are  facilitated  with  the  use  of  a  purified 
enzyme  preparation.  Because  of  the  specific  interaction  of  antibodies  with 
antigens,  antibodies  are  frequently  used  as  tools  for  enhancing  purification 
procedures  as  well  as  for  investigating  interactions  of  proteins  on  a 
molecular  level.  Current  use  of  hybridoma  cells  (hybrids  of  T  or  B  cells 
with  a  continuous  myeloma  cell  line),  which  produce  monoclonal  antibodies, 
enables  one  to  select  and  propagate  antibodies  against  specific  antigenic 
determinants,  even  from  a  partially  purifi^^d  antigen. 

The  objective  of  this  work  is  to  isolate  and  characterize  monoclonal 
antibodies  made  in  response  to  a  highly  purified  preparation  of  calmodulin- 
dependent  cGMP  phosphodiesterase  from  bovine  brain.  Such  antibodies  can 
then  be  utilized  to  investigate  the  nature  of  the  interactions  of  phosphodi- 
esterase with  other  proteins  which  modulate  its  activity.  Additionally, 
studies  concerning  cellular  localization  and  distribution  of  the  enzyme  can 
be  pursued. 

Methods  Employed:  Highly  purified  isolates  of  bovine  brain  cGMP  phos- 
phodiesterase were  prepared  by  Or.  Randall  Kincaid.  One  preparation  («  600X 
purified)  consisted  of  enzyme  activity  eluted  from  sequential  adsorption 
electrophoresis  of  bovine  brain  crude  supernatant  (Kincaid  and  Vaughan, 
1979).  A  second  preparation  ("  3000-4000X  purified)  was  obtained  in  the 
following  manner:  crude  brain  supernatant  was  adsorbed  to  and  eluted  from 
calcium  phosphate  gel,  repeatedly  chromatographed  on  Ultrogel  AcA44  and  fin- 
ally eluted  from  calmodulin-Sepharose.  Both  enzyme  preparations  were  used 
as  antigens  in  the  production  of  monoclonal  antibodies. 

Monoclonal  antibodies  were  prepared  from  Balb  C  mice  as  described  by 
Kohler  and  Milstein  (1975)  and  detected  using  a  solid  phase  Indirect  radio- 
assay.  Polyvinyl,  V-shaped,  96-well  plates  were  coated  with  purified  rabbit 
anti-mouse  IgG.  Hybridoma  supernatants  containing  antibodies  were  then 
allowed  to  incubate  in  the  wells  followed  by  the  addition  of  ^^^l~phospho~ 
di esterase.  Specific  binding  of  125i_phosphodi esterase  to  the  wells  was 
quantitated  in  a  gamma  counter,  and  hybrids  producing  anti-phosphodiesterase 
antibody  were  frozen  for  subsequent  cloning  and  propagation. 

Major  Findings:  Injection  of  Balb  C  mice  with  highly  purified  prepara- 
tions of  cGMP  phosphodiesterase  from  bovine  brain  resulted  ip   the  production 
of  mouse  spleen  cells  capable  of  hybridizing  with  mouse  mye'cra  cells  (i.e., 
theoretically,  antibody-producing  cells).  To  date,  screenii.,  of  such 
hybrids  for  antibody  specific  for  phosphodiesterase  has  been  negative, 
although  antibodies  to  other  proteins  in  the  preparation  might  be  present. 

Proposed  Course:  To  increase  the  antigenic  capabilities  of  the  enzyme 
preparation,  an  in  vitro  immunization  procedure  will  be  attempted  (Luben  and 
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Mohler,  1980).  Once  the  antibodies  are  obtained,  they  will  be  characterized 
and  then  utilized  in  a  variety  of  physical  and  chemical  studies  with  the 
phosphodi  esterase. 

Significance  to  Biomedical  Research:  Production  of  monoclonal  anti- 
bodies to  a  major  regulatory  enzyme  in  mammalian  cells  is  of  importance  for 
understanding  not  only  the  nature  of  the  enzyme  itself  but  also  for  eluci- 
dating the  processes  which  regulate  its  activity  within  the  cells. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Carrageenan  injected  into  the  rat  pleural  cavity  induces  after  a  short  delay 
extravasation  of  serum  protein,  the  appearance  of  neutrophil  chemotactic  fac- 
tor(s)  and,  after  90  min,  the  infiltration  of  large  numbers  of  neutrophils 
(80-140  X  10^  cells/cavity).  Pleural  mast  cells  remained  intactl  Indomethacin 
given  orally  or  intravenously  aborted  these  reactions  whether  given  before  or 
after  neutrophil  infiltration  started  but,  unlike  other  immunosuppressive  drugs, 


did  not  affect  production  or  release  of  white  cells  from  bone  marrow.  TFTe  in- 
trapleural injection  of  low  molecular  weight  Dextrans  (TIO)  provoked  a  similar 
reaction,  but  high  molecular  weight  Dextrans  CT70)  promoted  mast  cell  degranu- 
lation,  extensive  edema  and  little  (<  30  x  10°  cells)  neutrophil  infiltration. 
Intermediate  molecular  weight  Dextrans  (T40  and  T70)  produced  both  reactions. 


The  studies  indicated  that  mast  cell  degranulation  and  neutrophil 
are  distinct  reactions,  although  both  may  occur  simultaneously  in 
experimentally  induced 
neutrophil  response. 


inflammation.  Indomethacin  inhibits 


accumulation 
some  forms  of 
specifically  the 
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Project  Description: 

Objectives:  Carrageenan-induced  pleurisy  in  rat  was  chosen  as  a  model 
to  study  the  mechanism  of  action  of  the  anti-inflammatory  drugs.  Studies 
by  other  workers  (see  Fed.  Proc.  35:  2447,  1977)  have  shown  that  carrageenan 
injected  into  the  pleural  cavity  will  induce  an  accumulation  of  large  numbers 
of  white  cells  (predominantly  neutrophils  and,  at  later  stages,  monocytes). 
The  number  of  cells  mobilized  is  suppressed  by  the  ant i -inflammatory  drugs. 
Similar  responses  are  evoked  by  other  macromolecules,  such  as  dextran  and 
glycogen,  although  some  differences  have  been  noted  in  the  time  course  of 
response  and  the  extent  of  early  edema  (fluid)  and  neutrophil  accumulation. 
In  this  program,  the  release  of  inflammatory  mediators  as  well  as  chemotac- 
tic  factors  will  be  investigated.  We  shall  attempt  also  to  identify  the 
source  of  white  cells  and  factors  responsible  for  their  various  forms  of 
activity,  e.g.,  recruitment,  chemotaxis  and  phagocytosis,  and  the  effects 
of  ant i -inflammatory  drugs  on  the  processes. 

Last  year's  studies  showed  that  after  carrageenan  there  is  no  degranu- 
lation  of  mast  cells  (or  histamine  release)  and  little  accumulation  of  fluid 
in  the  pleural  cavity  but,  after  a  delay  of  90  min,  a  rapid  increase  in  the 
number  of  neutrophils.  By  4-8  hr,  as  many  as  80-140  x  10^  cells  had  accu- 
mulated in  the  cavity.  These  cells  were  derived  from  the  bone  marrow.  Pro- 
longed (5  days)  treatment  with  the  immunosuppressant  drug,  methotrexate,  was 
necessary  before  the  response  to  carrageenan  was  curtailed.  Indomethacin, 
in  contrast,  prevented  the  accumulation  of  white  cells  in  the  pleural  cavity 
without  affecting  the  production,  storage,  or  release  of  white  cells  in  the 
bone  marrow.  The  present  work  is  a  continuation  of  these  studies. 

Methods  Employed:  Inflammation  was  induced  in  Sprague-Dawley  rats 
(200  g)  by  injection  of  500  yg  carrageenan  or  6  mg  of  the  dextrans  into  the 
pleural  cavity.  Rats  were  killed  at  the  indicated  times  and  the  pleural 
fluid  collected.  Volume  of  the  exudate  and  cell  counts  were  determined  as 
described  previously.  Differential  cell  counts  were  determined  by  use  of 
the  Cytocentrifuge  and  differential  staining  of  the  slides.  Blood  cell 
counts  were  obtained  from  air-dried  smears  of  blood  taken  by  cardiac  punc- 
ture. Ant i -inflammatory  drugs  were  administered  orally  as  suspensions  in 
cornstarch  gel  or  by  intravenous  injection.  Other  drugs  and  labeled  com- 
pounds were  injected  as  saline  solutions  by  the  routes  indicated.  Histamine 
and  serotonin  were  assayed  by  the  enzymatic  isotopic  techniques  described 
in  previous  annual  reports. 

Changes  in  vascular  permeability  were  assessed  by  i.v.  injection  of 
0.5  ml  of  a  2%  w/v  Evans  blue  solution  immediately  after  the  intrapleural 
injection  of  the  inflammatory  agent.  The  supernatant  fraction  of  the  in- 
flammatory exudate  was  assayed  for  the  dye  by  measurement  of  optical  den- 
sity (O.D.)  at  600  nm.  Control  animals  received  saline  by  intrapleural 
injection. 

Chemotactic  activity  of  various  exudate  fractions  was  measured  in 
modified  Boyden  chambers.  Partially  purified  (80-85%)  suspensions  of 
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neutrophils  were  prepared  by  standard  techniques  from  blood  of  rats  which 
had  been  injected  intrapleurally  with  carrageenan  4  hr  previously  and  used 
as  the  source  of  test  cells. 

Major  Findings:  Time  Course  of  Response  to  Carrageenan.  Within  30  min, 
small  amounts  of  a  fluid  (0.1-0.2  ml)  had  collected  in  the  pleural  cavity. 
This  fluid  contained  small  amounts  of  dye  and  chemotactic  factor(s).  After 
75  min,  increasing  numbers  of  neutrophils  appeared  in  the  exudate  and  by 
4  hr  the  exudate  (1-2  ml)  consisted  almost  entirely  of  neutrophils  (<  95%). 
The  peak  response  occurred  at  about  8  hr,  at  which  time  monocytes  were  also 
observed  in  the  exudate.  Thereafter,  the  volume  and  numbers  of  cells  de- 
creased. Although  there  was  a  modest  increase  in  the  numbers  of  circulating 
neutrophils  (27-65%),  the  total  number  of  neutrophils  in  the  chest  cavity 
far  exceeded  that  in  the  circulation.  The  amount  of  dye  in  the  cavity  in- 
creased progressively  during  the  course  of  the  reaction. 

Dextran-Induced  Edema.  Differences  in  response  were  noted  with  differ- 
ent molecular  weight  Dextrans.  With  a  low  molecular  weight,  Dextran  (TIO), 
the  response  was  similar  to  that  observed  with  carrageenan.  There  was  little 
degranulation  of  mast  cells  or  release  of  histamine  and  little  accumulation 
of  fluid  until  2-4  hr,  when  extensive  infiltration  of  neutrophils  (-v  80  x  10^ 
cells/cavity)  was  evident.  With  a  higher  molecular  weight,  Dextran  (T70), 
there  was  extensive  degranulation  of  mast  cells,  the  appearance  of  free  hist- 
amine in  the  pleural  exudate  and  infiltration  of  a  relatively  small  number 
of  neutrophils  ('^  30  x  10^  cells/cavity).  Dextrans  of  intermediate  molecu- 
lar weight  (T40  and  T70)  produced  both  responses,  but  the  extent  of  histamine 
release  or  neutrophil  recruitment  was  less  than  that  produced  by  T70  or  TIO, 
respectively. 

The  Effect  of  Ant i- Inflammatory  Drugs.  In  all  cases,  the  anti -inflamma- 
tory drugs  suppressed  neutrophil  accumulation.  With  the  carrageenan  model, 
the  extent  of  suppression  was  related  to  the  dose  of  drug  and  the  potency  of 
the  drug  (ED50)  was  similar  to  that  reported  in  other  test  models  of  inflam- 
mation, i.e.,  indomethacin  (ED50,  2.5  mg/kg)  was  more  potent  than  phenyl- 
butazone (100  mg/kg)  or  aspirin  (ED50,  150  mg/kg).  Indomethacin  (1  mg/kg, 
i.v.)  aborted  the  reaction  whether  given  prior  to  or  immediately  after  neu- 
trophil accumulation  had  started. 

Indomethacin  did  not  suppress  mast  cell  degranulation,  histamine  re- 
lease, or  the  early  fluid  accumulation. 

Studies  on  the  Interaction  of  White  Cells  and  Heparin.  Since  heparin 
is  released  upon  degranulation  of  mast  cells,  its  interaction  with  the  cellu- 
lar infiltrates  was  investigated.  Heparin  was  found  to  induce  gel  formation 
not  only  with  suspensions  of  neutrophils  but  also  of  white  cells  isolated 
from  bone  marrow,  spleen  and  thymus.  The  tenacity  of  the  gel  was  related  to 
heparin  concentration  (in  the  range  5-220  units/ml)  and  to  the  number  of 
cells  (5  to  60  X  10^  cells/ml)  in  suspension.  Although  the  cells  remained 
uniformly  dispersed  in  the  gel  (aggregation  or  flocculation  was  not  evi- 
dent), they  did  not  readily  sediment  upon  centrifugation. 
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Gel  formation  occurred  only  with  intact  cells  (supernatant  extracts  did 
not  gel)  and  when  temperatures  of  the  suspensions  were  above  20°C.  The  re- 
action differed  from  that  described  for  heparin-induced  platelet  aggrega- 
tion. The  reaction  was  not  induced  by  ADP  nor  was  it  Ca'^'''-dependent  or  in- 
hibited by  aminoacrine  and  prostaglandin  synthetase  inhibitors.  It  was  in- 
hibited, however,  by  protamine  and  incubation  with  agents  which  led  to  loss 
of  cell  viability,  e.g.,  deoxyglucose  or  antimycin  A.  Estimates  of  the  hep- 
arin content  (20  pg/mast  cell)  indicated  that  the  amount  of  heparin  released 
into  the  pleural  cavity  by  histamine  releasers,  such  as  Dextran  T70,  would 
be  sufficient  to  induce  increased  white  cell  stickiness  or  gel  formation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Carrageenan-  and  Dextran-induced  edema  appear  to  be  useful  models  to  study 
the  effects  of  various  drugs  on  different  types  of  inflammatory  reactions. 
With  these  models  we  have  shown  that  1)  mast  cell  degranulation  (and  early 
edema  formation)  and  neutrophil  accumulation  are  unrelated  phenomena, 
although  both  may  occur  in  response  to  a  single  agent,  2)  high  molecular 
weight  Dextrans  evoke  mainly  the  former  reaction  and  low  molecular  weight 
Dextran  and  carrageenan  the  latter,  3)  increased  vascular  permeability 
and  production  of  chemotactic  factors  are  evident  before  neutrophil  accumu- 
lation, and  4)  indomethacin  and  other  nonsteroidal  anti -inflammatory  drugs 
inhibit  the  recruitment  of  white  cells  but  not  the  edema  induced  by  mast 
cell  degranulaljion. 

Proposed  Course:  Subsequent  studies  will  investigate  whether  the  sup- 
pression of  neutrophil  accumulation  by  the  anti-inflammatory  drugs  is  due 
to  inhibition  of  production  of  chemotactic  factor(s)  or  the  ability  of  the 
cells  to  respond  to  chemotactic  factors. 

Publications:  Horakova,  Z.,  Bayer,  B.M.,  Almeida,  A. P.,  and  Beaven,  M.A. : 
Evidence  that  histamine  does  not  participate  in  carrageenan- 
induced  pleurisy  in  rat.  Eur.  J.  Pharmacol.  62:  17-25,  1980. 

Almeida,  A. P.  and  Beaven,  M.A.:  Gel  formation  with  leuco- 
cytes and  heparin.  Life  Sci.  26:  549-555,  1980. 

Almeida,  A. P.,  Bayer,  B.M. ,  Horakova,  Z. ,  and  Beaven,  M.A. : 
Influence  of  indomethacin  and  other  anti -inflammatory  drugs 
on  mobilization  and  production  of  neutrophils:  Studies  with 
carrageenan-induced  inflammation  in  rats.  J.  Pharmacol.  Exp. 
Ther. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  with  highly  purified  preparations  of  cells  from  collagenase  digests  of 
dog  gastric  mucosa  indicate  that  histamine  (and  histidine  decarboxylase)  is 
located  in  mast  cells  (histamine  content  2.5  pg/cel 1 )  which  reside  in  the 
lamina  propria  in  close  proximity  to  the  parietal  cell.  The  parietal  cells 
contain  most  of  the  high  histamine  methyltransferase  activity  found  in  the 
mucosa,  and  this  may  account  for  the  absence  of  free  histamine  in  gastric  se- 
retion  or  gastric  venous  blood  in  this  species.  In  contrast,  in  rat,  histamine 
is  loated  in  an  enterochromaffin-like  (ECL)  cell  which  contains  abundant  hist- 
amine (2-4  pg/cel 1),  histidine  and  DOPA  decarboxylase  activity,  and  has  the 
properties  of  APUD  cells.  These  cells  do  not  possess  IgE  receptors  and  lie  in 
the  base  of  the  gastric  glands  at  some  distance  from  the  parietal  cell.  The 
activities  of  the  histamine-inactivating  enzymes  are  low  in  rat,  and,  unlike 
dog,  histamine  appears  in  rat  urine  during  periods  of  gastric  secretion. 
Unfinished  studies  indicate  that  the  histamine-containing  cells  after  short- 
term  (24  hr)  culture  release  histamine  in  response  to  some,  but  not  all,  of 
the  histamine-releasing  agents. 
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Project  Description: 

Objectives:  The  finding  that  the  histamine  H2  receptor  antagonists 
block  gastric  secretion  in  a  variety  of  species  provided  irrefutable  evidence 
that  histamine  has  an  essential  role  in  gastric  secretion.  Histamine's 
relationship  to  other  mediators  of  gastric  secretion,  gastrin  and  acetyl- 
choline is  still,  however,  poorly  understood,  nor  is  it  known  how  histamine 
is  released  or  how  it  reaches  the  acid- secreting  parietal  cell.  The  success- 
ful separation  and  identification  of  the  different  cell  populations  in  dog 
gastric  mucosa  in  collaboration  with  Soil  and  Grossman  at  the  Center  for 
Ulcer  Research  and  Education  (CURE),  Wadsworth  V.  A.  Hospital,  Los  Angeles, 
has  given  us  an  opportunity  to  answer  some  of  these  questions.  This  tech- 
nique led  to  the  identification  of  the  "histamine-containing  cell"  in  the 
gastric  mucosa  of  dog  and  to  obtain  preliminary  data  as  to  its  identity  in 
rat  gastric  mucosa.  In  this  report,  we  described  studies  which  compare  and 
contrast  histamine-containing  cells  in  dog  and  rat  mucosa  with  those  in  dog 
liver  and  rat  peritoneum  and  which  have  allowed  us  to  identify  the  sources 
of  the  enzymes  responsible  for  the  synthesis  and  inactivation  of  histamine. 

Methods  Employed:  Gastric  mucosa  and  liver  were  treated  sequentially 
with  a  collagenase  preparation,  EDTA,  and  then  a  second  time  with  collagen- 
ase.  The  cells  were  harvested  from  the  disrupted  mucosa  and  then  separated 
in  a  Sorvall  zonal  rotor  through  an  albumin  density  gradient.  This  proce- 
dure separated  the  cells  into  histamine,  parietal,  and  chief  cell-enriched 
fractions.  Each  of  these  was  further  fractionated  according  to  cell  size 
with  the  Beckman  elutriator.  Gland  preparations  (isolated  glandular  crypts) 
were  prepared  by  partial  digestion  with  collagenase  and  centrifugation 
through  Ficoll  solution.  Rat  peritoneal  mast  cells  were  fractionated  by 
elutriation.  At  all  stages,  cell  viability  was  monitored  by  microscopy 
and  dye  exclusion  tests.  The  fractions  were  divided  into  portions  of  about 
10°  cells,  and  duplicate  sets  were  shipped  from  CURE  to  the  NIH. 

At  the  NIH,  the  fractions  were  assayed  for  DNA,  histamine  and  serotonin 
content,  as  well  as  for  histidine  decarboxylase,  DOPA  decarboxylase,  hist- 
amine-N-methyl transferase  (HNMT)  and  diamine  oxidase  activities,  using  the 
microassays  developed  in  this  laboratory.  These  assays  have  been  described 
in  previous  annual  reports,  although  further  refinement  of  some  procedures 
was  necessary  because  of  the  small  size  of  the  samples.  Assays  were  also 
performed  by  the  principal  investigator  on  fresh  samples  at  CURE. 

IgE  binding  was  studied  by  procedures  devised  by  Dr.  Henry  Metzger 
(NIAMDD),  who  supplied  125i_ia5eled  rat  myeloma  protein  for  these  studies. 

Major  Findings:  Isolation  and  Properties  of  the  Histamine-Containing 
Cells  in  Dog  Liver  and  Fundic  Mucosa.  Profiles  obtained  by  separation  of 
different  cell  fractions  first  by  elutriation  and  then  by  density  gradient 
separations  produced  a  single  sharp  peak  of  histamine  for  both  dog  liver  and 
mucosa.  In  both  tissues,  the  highest  histamine  concentration  was  found  in 
cells  with  a  mean  density  of  1.080  and  size  of  11  ym.  Mast  cell  constituted 
more  than  80%  of  the  cells  in  these  fractions.  The  average  histamine  content 
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was  2.5  ±  0.3  pg/cell  (n  =  3)  for  dog  mucosa  and  2.1  pg/cel 1  for  liver 
(Table).  There  was  a  close  correlation  (r  =  0.94)  between  mast  cell  count 
and  histamine  content  in  both  tissues.  Electron  micrographs  confirmed  that 
a  high  proportion  of  the  cells  possessed  the  typical  morphology  of  mast 
cells  with  characteristic  dense  granular  structure.  More  than  90%  of  the 
cells  were  viable,  as  indicated  by  trypan  blue  exclusion. 

Measurement  of  DNA  as  well  as  histamine  at  all  stages  of  purification 
indicated  that  the  histamine  content  of  the  unfractionated  mucosal  cells 
represented  69%  of  the  histamine  content  in  intact  mucosa  and  that  less  than 
20%  of  the  histamine  was  lost  through  subsequent  purification  steps.  On  the 
assumption  that  each  mast  cell  contained  2.5  or  2.1  pg  histamine,  it  was  cal- 
culated that  the  mucosa  contained  3  x  10^  mast  cells/g,  or  about  one  mast 
cell  per  3  parietal  cells,  and  that  liver  contained  1  x  10^  mast  cells/g 
tissue. 

In  morphological  studies  of  intact  mucosa,  the  mast  cells  were  found  in 
the  lamina  propria  along  the  basement  membrane  of  the  gastric  glands.  Most 
of  these  cells  were  in  close  proximity  to  parietal  cells.  By  light  and  elec- 
tron microscopy,  we  failed  to  find  mast  cells  on  the  glandular  side  of  the 
basement  membrane  of  the  epithelium.  Preparations  of  gastric  glands,  which 
were  separated  from  the  basement  membrane  and  lamina  propria  by  the  enzyme 
treatment,  contained  less  than  20%  of  the  histamine  found  in  either  the  whole 
mucosa  or  unfractionated  mucosal  cell  suspension. 

Histidine  decarboxylase  activity  was  found  only  in  the  mast  cell  frac- 
tions of  the  mucosa  and  liver  cell  preparations,  but  in  the  mucosal  cells 
the  activity  was  low  compared  to  that  in  the  liver  or  rat  peritoneal  mast 
cell  preparations  (Table). 

Distribution  of  Histamine,  Serotonin  and  Enzyme  Activity  in  Dog  Gastric 
Mucosa.  Mucous-,  chief-,  parietal-,  histamine-  and  serotonin-containing 
cells  could  be  clearly  identified  in  different  regions  of  the  profiles  ob- 
tained by  density  gradient  and  elutriator  separation.  Serotonin  co-separated 
with  enterochromaffin  cells  which  appeared  to  contain  glucagon  and  DOPA  de- 
carboxylase activity.  These  cells  have  not  been  further  characterized. 
Histamine-N-methyltransferase  activity  was  located  largely  in  the  parietal 
cell  region  (correlation  coefficient  for  parietal  cells  and  enzyme  activity, 
r  =  0.85,  p  <  0.005),  although  a  smaller  fraction  (~  30%)  was  located  in 
smaller  cells  which  remain  to  be  identified.  Diamine  oxidase  activity  was 
not  detectable  in  intact  mucosa  or  any  of  the  different  cell  fractions. 

Separation  of  Histamine-  and  Serotonin-Containing  Cells  in  Rat  Gastric 
Mucosa  and  Peritoneum.  The  histamine-containing  cell  in  the  rat  mucosa  was 
quite  different  from  that  in  dog  mucosa.  It  lacked  the  typical  granular 
appearance  of  the  mast  cell  and  had  the  staining  characteristic  of  an  entero- 
chromaffin-1 ike  (ECL)  cell  described  by  other  authors  (Thunberg,  Exp.  Cell 
Res.  47:  108-115,  1967;  Hakanson  et  al. ,  J.  Pharmacol.  Exp.  Ther. ,  1974). 
These  cells,  unlike  the  dog  mucosal  mast  cells,  lay  inside  the  gastric  gland 
alongside  the  basement  membrane  but  somewhat  away  from  the  parietal  cells. 
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The  fractions  of  cells  with  the  highest  histamine  content  contained  approxi- 
mately 18%  of  the  ECL  cells  and  a  histamine  content  of  2-4  pg/cel 1  (n  =  3). 

No  serotonin  was  found  in  these  cells  (Table).  The  cells  were  highly 
vacuolated  but  were  devoid  of  electron  dense  granules.  In  contrast,  rat 
peritoneal  cells  contained  14  pg  histamine  and  0.5  pg  serotonin/cell  and 
possessed  numerous  dense  metachromatic  granules. 

The  profiles  of  other  biochemical  markers  also  differed  to  that  seen 
with  dog  mucosa.  The  ECL  cells,  in  addition  to  histamine,  contained  high 
histidine  decarboxylase  activity  and  no  serotonin.  No  histamine  methyl- 
transferase  activity  was  detected  in  any  cell  fraction..  Diamine  oxidase 
activity  was  present  in  a  fraction  of  large  cells,  but  the  profile  of 
activity  did  not  fit  that  for  parietal  cells. 

Histamine  Release  from  Histamine-Containing  Cells  from  Gastric  Mucosa 
and  other  Tissues:  Presence  of  IgE  Receptors.  As  reported  by  Metzger  and 
associates,  rat  peritoneal  cells  contained  an  abundant  number  of  IgE  recep- 
tors (247,000  ±  60,000/cell,  n  =  6).  None  were  found  on  the  rat  gastric 
mucosal  ECL  cell,  and  the  rat  IgE  did  not  cross-react  with  the  receptors  in 
the  dog  liver  or  gastric  mucosa  mast  cells. 

Although  rat  peritoneal  mast  cells  were  fully  responsive  to  Compound 
48/80,  Na"*"  ionophore,  and  various  hi stamine-rel easing  peptides,  these  agents 
did  not  release  histamine  from  freshly  isolated  rat  ECL  cells  or  mast  cells 
from  dog  liver  and  gastric  mucosa.  Additional  maneuvers,  such  as  the  addi- 
tion of  phosphatidyl  serine  and  albumin  or  use  of  other  media,  were  ineffec- 
tive. Short-term  culture  (24-48  hr)  of  the  isolated  cells  led  to  some  re- 
sponsiveness (up  to  25%  release)  of  the  cells  to  ionophore,  the  histamine- 
releasing  peptides,  and,  with  dog  cells,  ascaris  antigen.  Release  in  re- 
sponse to  gastrin  and  carbachol  was  variable.  Further  studies  with  the 
short-term  cultures  are  required  before  we  can  assess  the  significance  of 
these  findings. 

Additional  Characteristics  of  the  Rat  Gastric  Mucosal  ECL  Cell.  As  re- 
ported for  the  ECL  in  intact  tissue,  the  isolated  cell  did  not  exhibit  chro- 
maffin staining  but  did  possess  APUD  characteristics  as  defined  by  A.  G.  E. 
Pearse;  that  is,  the  cells  were  able  to  take  up  and  decarboxylate  dihydroxy- 
phenylalanine  (or  5-hydroxytryptophane)  and  acquire  chromaffin  properties. 
In  one  experiment,  the  cells  did  not  stain  after  incubation  with  a  rat  mye- 
loma IgE  antibody  which  was  labeled  with  rhodamine. 

Conclusions  and  Significance  to  Biomedical  Research:  The  studies  reveal 
differences  in  the  architecture  of  the  gastric  glands  and  their  association 
with  the  histaminocytes.  In  dog,  the  distance  between  mast  cells  and  target 
receptor  (see  previous  reports  for  discussion  of  receptors  on  parietal  cells) 
is  small.  Presence  of  high  histamine  methyl  transferase  activity  on  or  in  the 
parietal  cell  probably  ensures  that  little  free  histamine  escapes  into  the 
gastric  circulation.  This  is  consistent  with  the  failure  of  many  experienced 
workers  over  the  past  40  years  to  demonstrate  histamine  release  from  dog 
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stomach.  In  rat,  histamine-inactivating  activity  is  weak  and  histamine  must 
diffuse  some  distance,  either  across  extracellular  spaces  or  into  the  small 
blood  vessels  of  the  lamina  propria,  before  reaching  the  parietal  cell. 
Unlike  other  species,  histamine  levels  increase  in  rat  urine  during  periods 
of  gastric  stimulation.  Although  the  present  studies  begin  to  provide  a 
picture  of  histamine's  location  and,  upon  release,  its  disposition  and  access 
to  receptors,  we  are  still  uncertain  as  to  the  mechanism(s)  of  its  release. 

Proposed  Course:  Future  studies  will  focus  on  possible  mechanisms  of 
histamine  release  from  histamine  cells  by  use  of  short-term  culture  experi- 
ments, particularly  their  responsiveness  to  gastrin  and  cholinergic  agents. 
More  detailed  biochemical  examination  of  these  cells  (e.g.,  activation  of 
adenylate  cyclase,  Ca"*"*"  flux)  will  follow  once  the  agents  inducing  histamine 
release  have  been  identified. 

Publications:  Soil,  A.H. ,  Lewin,  K. ,  and  Beaven,  M.A. :  Isolation  of  hist- 
amine containing  cells  from  canine  fundic  mucosa.  Gastro- 
enterology 7:  1283-1290,  1979. 

Beaven,  M.A.:  Factors  Regulating  Availability  of  Histamine 
at  Tissue  Receptors.  In  Ganellin,  C.R.  and  Parsons,  J.  Eds.): 
Pharmacology  of  Histamine  Receptors.  London,  John  Wright  and 
Sons,  Ltd. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Histidine  decarboxylase  activity  of  i sol ated  intact  mast  eel  1 s  from  rat  peri- 
toneum, dog  gastric  mucosa  and  do^  liver  was  10-20  times  greater  than  that  of 
disrupted  cells  or  soluble  extracts  of  these  cells.  Measurement  of  histidine 
uptake  and  the  effects  of  amino  acids  that  compete  with  this  uptake  suggested 
that  histidine  transport  may  contribute  to  the  high  histamine  synthetic  activ- 
ity of  the  intact  cells.  Histamine  methyl  transferase,  which  is  responsible 
for  histamine  inactivation  in  most  tissues,  is  inhibited  by  H2  histamine  re- 
ceptor agonists  of  which  impromidine  is  the  most  potent  inhibitor  (Ki,  10"  M). 
This  compound  is  also  a  potent  inhibitor  of  diamine  oxidase  (K^ ,  10"*  M).  The 
work  continues  to  indicate  the  diversity  of  cells  storing  histamine  in  the 
body.  In  addition  to  mast  cells,  brain  neurones  and  rat  gastric  ECl  cells 
(see  other  annual  reports),  high  histamine  levels  were  found  in  dividing  human 
fibroblasts.  In  blood,  the  basophil  is  a  major  repository  for  histamine  in 
most  species,  but  in  pig  and  rabbit  the  platelet  was  found  to  be  the  major 
source  of  histamine. 
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Project  Description: 

Objectives:  Our  studies  on  the  source  of  histamine  in  gastric  mucosa 
and  brain  raised  several  questions  related  to  histamine  metabolism  and  re- 
lease during  pathological/physiological  reactions.  The  histidine  decar- 
boxylase activity  was  insufficient  to  account  for  the  histamine  levels  in 
these  tissues.  The  high  histamine  methyltransferase  (HMT)  activity  in  the 
parietal  cell  in  dog  mucosa  also  suggested  that  inhibitors  of  HMT  would  be 
particularly  useful  in  studies  of  the  role  of  histamine  in  gastric  secretion. 
Another  question  was  concerned  with  the  relationship  between  plasma  histamine 
levels  and  the  responses  induced  in  the  whole  animal. 

Three  studies  were  undertaken  to  address  these  questions,  namely: 
1)  measurement  of  histamine  synthesis  in  intact  cell  systems,  2)  studies  with 
putative  inhibitors  of  HMT,  and  3)  measurement  of  plasma  histamine  levels  in 
various  species  under  normal  conditions  and  after  induction  of  histamine  re- 
lease by  injurious  or  anaphylactic  reactions.  For  these  studies,  we  utilized 
freshly  isolated  mast  cells  from  rat  peritoneum,  human  fibroblasts  in  culture 
and  plasma  samples  from  a  variety  of  animal  species  and  humans  undergoing 
elective  hip  surgery  who  showed  pronounced  anaphylactic-type  reactions  to 
drugs. 

Methods  Employed:  Blood  Samples.  Blood  specimens  were  collected  from 
laboratory  and  farm  animals  obtained  through  normal  NIH  sources  and  the  farm 
in  Poolesville,  Md.  Human  blood  was  obtained  from  patients  undergoing  sur- 
gery for  hip  replacement  at  the  Harvard  Medical  School.  These  patients  were 
monitored  continuously  for  heart  rate,  cardiac  output,  arterial  pressure  and 
central  venous  pressure,  and  were  catherterized  for  collection  of  central 
venous  and  arterial  blood.  These  patients  had  reported  previous  "allergic 
reactions"  to  drugs.  The  blood  samples  were  assayed  for  blood  gases  and 
electrolytes,  as  well  as  plasma  histamine,  catecholamines  and  renin  activity. 
All  blood  specimens  were  collected  into  heparinized  Vacuocontainers  and 
placed  in  ice.  A  small  amount  of  the  whole  blood  was  withdrawn  by  syringe, 
and  the  remainder  was  centrifuged  at  500  ^  for  15  min.  The  supernatant  frac- 
tion was  collected  (platelet-rich  plasma)  and  recentrifuged  at  1500^  for 
30  min  (plasma). 

Histamine-N-methyltransferase  (HMT),  diamine  oxidase  (DAO)  and  histidine 
decarboxylase  were  prepared  from  soluble  extracts  of  rat  kidney,  ileum  and 
stomach,  respectively,  by  ammonium  sulfate  fractionation  procedures.  Enzyme 
activity  was  assayed  by  isotopic  microassays  as  described  in  previous  re- 
ports. For  kinetic  studies,  the  concentration  of  substrate  was  varied  by 
the  addition  of  unlabeled  compound.  To  determine  the  "apparent"  K-j  value 
for  the  inhibitors,  Dixon  plots  were  analyzed  by  computer. 

Intact  mast  cells  were  obtained  from  male,  Sprague-Dawley  rats  (180  to 
300  g).  After  decapitation,  10  ml  of  Hanks  balanced  salt  solution  was  in- 
jected into  the  abdominal  cavity  and  a  peritoneal  cell  suspension  was  ob- 
tained by  standard  procedures.  The  cells  were  fractionated  by  elutriation 
on  a  Beckman  elutriator  rotor.  Human  fibroblasts  were  grown  in  cultures  as 
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described  in  another  annual    report.     Cell   counts  and  size  analysis  were  per- 
formed using  a  Particle  Data  Counter. 

For  the  assay  of  histidine  decarboxylase  activity  in  intact  cells,  cell 
suspensions  were  centrifuged  at  100  ^  for  10  min  and  the  supernatant  fluid 
removed  by  aspiration.     The  cell   pellets  were  resuspended  in  Gey's  salt  solu- 
tion containing  HEPES  buffer  (10  mM,  pH  7.4)   to  give  10^  cells/100  ul.     The 
specificity  of  the  assay  was  verified  by  incubating  the  samples  with  B-'^H- 
(side  chain  carbon)-L-histidine   (20  nCi)  as  described  previously.     After 
trapping  the  ^^COo  in  Hyamine,  the  reaction  mixture  was  removed  and  assayed 
for  ^H-histamine  by  isotope  dilution  derivative  analysis.     For  these  assays, 
the  concentration  of  amino  acid  was  1.25  x  10"^  M,  unless  noted  otherwise. 

Uptake  of  g-^H-L-histidine  was  measured  by  incubation  of  10^  mast  cells 
with  100  nCi    (10  pmoles)   g-^H-L-histidine  in  100  yl   Gey's   (+  50  mM  HEPES, 
pH  7.4)  medium  for  10  min  at  37°C  and,  in  separate  samples,  at  0°C.     The 
cells  were  deposited  by  centrifuging  the  samples  through  dibutylphthalate  in 
a  Microfuge   (Beckman  Instrument  Corp.)   for  1  min.     The  difference  in  ^h  con- 
tent of  the  pellet  incubated  at  37°C  with  that  incubated  at  0°C  was  desig- 
nated "uptake."     The  percent  decrease  of  the  "uptake"  in  the  presence  of 
drugs  and  amino  acid  was  calculated. 

Major  Findings:     1)     Histidine  Uptake  and  Histamine  Synthesis  in  the 
Intact  Cells.     Separation  of  rat  peritoneal   cells  into  different  fractions 
by  elutriation  yielded  a  single  peak  of  histamine  in  which  mast  cells  com- 
prised 80  to  98%  of  the  cells.     The  histamine  content  of  these  cells   (mean  ± 
SEM)  was  14  ±  1.8  pg/mast  cell    (n  =  5).     The  distribution  of  histidine  decar- 
boxylase activity  paralleled  closely  that  of  histamine,  although  the  rate  of 
histamine  formation  by  intact  cells  was  much  greater  than  that  of  soluble 
extracts  of  these  cells.     The  magnitude  of  this  difference  was  similar  when 
histidine  decarboxylase  activity  was  measured  by  ■'•^COp  release  from  -^^C-car- 
boxyl-labeled  3--^H-histidine.     The  activity  was  attributable  to  specific 
histidine  decarboxylase  in  that  it  was  inhibited  by  a-methylDOPA  and  was  not 
associated  with  detectable  decarboxylation  of  L-DOPA. 

The  contribution  of  histidine  transport  to  the  histamine  synthesis  in 
the  intact  cell   was  studied  by  use  of  amino  acids  which  compete  with  the 
uptake  of  L-histidine.     L-tryptophan  and  a-methylDOPA  inhibited  decarboxyla- 
tion as  well    as  uptake  of  L-histidine  in  the  intact  cell   without  inhibiting 
the  histidine  decarboxylase  activity  of  extracts.     The  decarboxylase  inhib- 
itors, Brocresine  and  a-hydrazinohistidine,  selectively  inhibited  decarbox- 
ylase activity  without  interfering  with  L-histidine  uptake. 

Unexpectedly,  we  found  that  human  fibroblast  cultures  contained  high 
histamine  levels   (~  280  ng/lO^  cells)  during  exponential   growth  but  low 
levels   (<  30  ng/10^  cells)   once  they  reached  confluency.     Only  trace  amounts 
of  histamine  were  recovered  in  the  medium.     Other  cell  cultures  tested  did 
not  contain  measurable  quantities  of  histamine.     Earlier  studies  have  shown 
that  developing  hypertrophic  scars  and  keloids  in  humans  contain  elevated 
histamine  levels  and  produce  symptoms   (itching,  hyperemia)  which  could  be 
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attributable  to  histamine  release  (Cohen,  Beaven,  Keiser  and  Sjoerdsma, 
Surgical  Forum,  1972).  Others  (Kahlson  and  Rosengren,  Pharmacol.  Rev.  48: 
155,  1968)  have  reported  that  during  wound  healing  in  rat  skin  high  decar- 
boxylase activity  is  present  in  the  wound  tissue  and  histamine  levels  in 
urine  are  elevated. 

2)  Studies  with  Inhibitors  of  HMT.  As  part  of  a  study  to  find  more 
effective  inhibitors  of  the  histamine-metabolizing  enzymes  (see  last  year's 
annual  report),  we  have  tested  several  new  histamine  agonists  and  antago- 
nists. Of  the  various  compounds  tested,  the  most  potent  inhibitors  were 
SKF  91488  (see  last  year's  report)  and  the  H2  receptor  agonist,  impromidine, 
which  is  now  undergoing  clinical  trials  for  the  evaluation  of  parietal  cell 
function.  This  compound  is  a  competitive  inhibitor  (K^-,  10"  M)  of  HMT  and 
DAO  (K^-  ~  10"°  M)  but  not  of  histidine  decarboxylase  activity.  These  values 
are  similar  to  those  of  amodiaquin  (K^  ~0.5  x  10"'  M)  and  aminoguanidine 

(K^-  ~  0.5  X  10"'  M),  which  are  known  inhibitors  of  HMT  and  DAO,  respectively. 
The  presence  of  two  imidazole  basic  groups  in  impromidine  made  us  suspect 
that,  unlike  other  inhibitors,  this  agent  might  be  a  useful  ligand  for  affin- 
ity gel  chromatography  of  HMT  (and  DAO).  Our  initial  experiments  indicate 
that  such  gels  have  a  high  affinity  for  HMT,  both  for  that  in  partially 
purified  and  crude  preparations  of  the  enzyme. 

3)  Correlation  of  Plasma  Histamine  Levels  and  Pathological/Physiologi- 
cal Reaction  in  vivo.  Plasma  histamine  levels  in  man  and  a  variety  of  labo- 
ratory and  farm  animals  (12  species,  n  =  4-13  for  each  species)  were  less 
than  1  ng/ml.  Mean  whole  blood  levels  ranged  from  20  to  125  ng/ml. 

There  were,  however,  several  exceptions.  In  pig  and  rabbit,  high  levels 
(>  1,000  ng/ml)  were  found  in  blood.  Most  of  this  histamine  could  be  recov- 
ered in  platelets,  unlike  in  other  species  whose  histamine  is  located  in 
basophils.  The  presence  of  histamine  in  platelets  has  been  described  previ- 
ously for  rabbit  but  not  for  pig.  Another  exception  was  rat,  which  had 
"normal"  blood  histamine  levels  (49  ±  3  ng/ml)  but  unusually  high  plasma 
histamine  levels,  15  ±  3  ng/ml  (n  =  10).  This  has  been  a  consistent  but 
puzzling  finding  in  our  work.  Such  levels  in  humans  and  other  experimental 
animals  are  associated  with  marked  hypotension  and  gastric  hyperacidity 
(see  later).  As  histamine  is  less  potent  (by  1/lOth)  in  rat  than  in  other 
species  with  respect  to  its  vascular  cardiac  and  gastric  effects,  rat 
appears  to  be  more  resistant  than  other  species  to  the  effects  of  circulat- 
ing free  histamine. 

Our  previous  studies  have  shown  that,  in  patients  with  histaminemia, 
plasma  histamine  levels  of  2-5  ng/ml  are  associated  with  gastric  hypersecre- 
tion and  levels  above  8-10  ng/ml  with  generalized  flushing  and  hypotension. 
During  one  recent  episode  in  which  a  patient  exhibited  an  anaphylactic  re- 
action to  succinyl choline,  we  were  able  to  monitor  release  of  histamine  as 
well  as  various  other  vasoactive  hormones.  Plasma  histamine  levels  rose 
from  2.1  ng/ml  to  almost  40  ng/ml  within  1  min  of  the  injection  of  succinyl- 
choline  infusion  (100  mg).  This  was  accompanied  by  an  immediate  drop  in 
blood  pressure  and  after  a  delay  of  1-2  min  an  acceleration  in  heart  rate 
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(69  to  145  bpm).  Plasma  norepinephrine  (750  to  2,600  pg/ml )  and  epinephrine 
(360  to  1,960  pg/ml)  increased  after  1-2  min.  After  3  min,  plasma  histamine 
and  epinephrine  levels  and  after  9  min  plasma  norepinephrine  levels  declined. 
By  20  min,  plasma  levels  of  all  3  hormones  were  normal.  Plasma  renin  activ- 
ity increased  (from  4  to  20  units/ml)  at  a  later  time  (20  min).  There  was  a 
significant  correlation  between  the  changes  in  heart  rate  and  norepinephrine 
levels  (r  =  0.86,  p  <  0.05)  but  not  with  histamine,  epinephrine,  or  renin 
activity.  These  results  suggest  that  changes  in  blood  pressure  are  corre- 
lated withplasma  histamine  levels  but  that  catecholamine  release  (and  changes 
in  cardiac  function)  may  be  secondary  reactions  of  histamine  release. 

Significance  to  Biomedical  Research:  The  studies  with  rat  peritoneal 
mast  cells  indicate  that  histidine  transport  Is  an  important  component  of  the 
histamine  synthesis  pathway  in  the  intact  cell.  Blockade  of  transport  may 
thus  provide  another  mode  of  inhibition  of  histamine  syntheses.  The  studies 
also  illustrate  the  diversity  of  cell  types  that  store  histamine.  These  in- 
clude the  tissue  mast  cell,  blood  basohil ^  in  some  species  blood  platelet, 
the  human  fibroblast  and  brain  neurones.  The  presence  of  histamine  in  the 
fibroblast  culture  is,  however,  especially  interesting,  because  it  points 
to  a  possible  role  of  histamine  in  wound  healing  or  fibrotic  reactions. 

Proposed  Course:  Studies  of  histamine  synthesis  will  be  continued  with 
intact  mast  cells  from  dog  liver  and  mucosa.  Factors  influencing  histidine 
uptake  will  be  studied  in  more  detail.  Fibroblast  cultures  will  be  used  to 
study  the  kinetics  of  histamine  turnover  in  intact  cells  and  how  this  is 
modified  by  enzyme  inhibitors. 

Publications:  Beaven,  M.A,  and  Shaff,  R.E.:  Inhibition  of  histamine  methyl- 
ation  in  vivo  by  the  Dimaprit  analog,  SKF  Compound  91488. 
Agents  Actions  9:  455-460,  1979. 

Moss,  J.,  Fahmy,  N. ,  Sunder,  N. ,  and  Beaven,  M.A.:  Hormonal 
and  hemodynamic  profile  of  an  anaphylactic  reaction  in  man. 
Circ.  Res. ,  in  press. 

Almeida,  A. P.,  Flye,  W. ,  Deveraux,  D.,  Horakova,  Z.,  and 
Beaven,  M.A.:  Distribution  of  histamine  and  histamlnase 
(diamine  oxidase)  in  blood  of  various  species.  Comp.  Blochem. 
Physiol. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Nonsteroidal  anti -inflammatory  drugs  arrest  growth  of  cells  in  the  Gi  phase  of 
the  cell  cycle.  Growth  continues  in  synchrony  once  drug  is  removed.  These 
responses  are  accompanied  by  changes  in  amino  acid  transport.  Active  trans- 
port by  system  "A"  progressively  diminishes  and  that  by  system  "L"  is  enhanced; 
the  reverse  occurs  after  removal  of  drug.  Kinetic  studies  suggest  that  1)  the 
changes  are  due  to  alteration  in  the  number  of  carriers  rather  than  in  the  af- 
finity of  carriers  for  amino  acis  or  Na"*",  2)  the  decay  and  recovery  of  the 
transport  are  dependent  on  turnover  of  carriers  in  the  plasma  membrane,  and 
3)  transport  through  the  "A"  system  occurred  by  a  "low"  and  a  "high"  affinity 
component;  the  latter  was  prominent  during  exponential  growth  and  was  selec- 
tively inhibited  by  indomethacin.  This  component  was  also  present  in  freshly 
isolated  rat  thymus  lymphocytes  and  was  likewise  inhibited  by  indomethacin 
whether  added  directly  to  cell  suspensions  or  administered  (10  mg/kg)  prior  to 
isolation  of  cells. 
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Project  Description: 

Objectives:  We  have  shown  that  indomethacin  and  aspirin  in  pharmaco- 
logical doses  inhibit  growth  of  a  transplantable  mast  cell  tumor  (P815)  and 
Lewis  lung  carcinoma  in  mouse  (Eur.  J.  Pharmacol.  37:  367,  1976)  and  that 
the  nonsteroidal  a nti -inflammatory  drugs  in  general  inhibit  growth  of  trans- 
formed (rat  hepatoma,  HTC)  and  nontransformed  (human  fibroblast)  cells  in 
culture  (J.  Pharmacol.  Exp.  Ther.  202:  446,  1977).  Their  potency  paralleled 
their  anti -inflammatory  activity,  although  the  cytostatic  activity  appeared 
to  be  unrelated  to  their  ability  to  inhibit  prostaglandin  synthesis 
(de  Mello  et  al. ,  Biochem.  Pharmacol.  29:  311,  1980)  or  alter  cellular 
ATP/ADP  levels  (Bayer  etaX.,  in  press). 

Last  year  we  reported  that  cultures  were  arrested  in  the  Gi  phase  of 
the  cell  cycle  and  that  after  removal  of  drug  there  was  a  short  delay  (18-24 
hr)  before  growth  resumed.  Before  the  onset  of  growth,  there  was  a  surge  in 
DNA  synthesis  which  peaked  between  12-18  hr  and  prior  to  the  increase  in  cell 
count  a  sharp  increase  in  mitotic  index.  Autoradiography  of  cultures  grown 
in  the  presence  of  labeled  thymidine  and  cytofluorometric  estimations  of 
cellular  DNA  content  indicated  that  all  (>  95%)  cells  resumed  growth  in  syn- 
chrony (Bayer  et  aj_. ,  1979).  An  important  finding  was  that  the  progression 
of  cells  through  the  cell  cycle  was  accompanied  by  changes  in  amino  acid 
transport.  Transport  through  the  "A"  system  (see  Methods  for  definition  of 
the  transport  systems)  decayed  and  that  through  the  "L"  system  was  enhanced. 
The  reverse  occurred  when  drug  was  removed.  The  changes  in  the  "A"  system 
were  time-dependent.  Transport  of  deoxyglucose,  thymidine  and  uridine  were 
unaffected. 

This  year's  studies  provide  information  on  the  mode  of  action  of  these 
drugs.  By  use  of  classical  kinetic  analysis  of  the  effects  in  several  cell 
lines,  we  have  determined  that  a  high  affinity  component  of  the  "A"  system 
exists  during  exponential  growth  of  cultures  and  that  in  nontransformed  cell 
lines  this  component  decays  as  the  cultures  reach  confluency.  Indomethacin 
selectively  inhibits  this  component  by  decreasing  the  number  of  functional 
carriers  rather  than  by  altering  the  affinity  of  the  carrier  for  amino  acids 
or  Na"*"  which  is  transported  with  the  amino  acid  (see  Methods). 

Methods  Employed:  Incubation  Procedures.  Cells  were  grown  in  Eagle's 
medium  supplemented  with  Earle's  salts,  2  mM  glutamine  and  10%  fetal  calf 
serum  in  an  atmosphere  of  95%  air  and  5%  CO2  at  37°C.  For  individual  experi- 
ments, cells  from  confluent  cultures  were  suspended  by  trypsinization  or  by 
shaking  the  flasks  and  then  diluted  20-fold  with  fresh  medium.  Samples 
(1  ml,  20-50,000  cells)  of  the  diluted  suspension  were  dispensed  into  indi- 
vidual wells  of  tissue  culture  cluster  plates  (16  mm  wells). 

Preparation  of  Thymus  Lymphocytes.  Suspensions  (10^  cells/ml)  of  thy- 
mus lymphocytes  were  prepared  from  young  (140-150  g)  male  rats  by  placing 
the  thymuses  in  Dulbecco's  medium,  cutting  open  the  organ  capsule  and 
gently  squeezing  the  thymus  with  forceps.  The  cell  suspension  was  centri- 
fuged  and  the  pelleted  cells  resuspended  in  fresh  medium. 
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Addition  of  Drugs.     Samples,   100  pi   or  less,   of  a  neutralized  solution 
of  the  drug  (in  Eagle's  medium)  or  10  yl   of  a  solution  of  indomethacin-l^C 
were  added  to  each  well  at  the  times  indicated.     To  remove  drug,  the  medium 
was  aspirated,  the  cultures  were  washed  once  with  medium  and  1  ml   of  fresh 
medium  was  added.     All   solutions  were  sterilized  by  filtration. 

Measurement  of  Cell   Counts,  Cell   Viability  and  Mitotic  Index.     To  count 
cells,  the  cultures  were  washed  with  Ca"*"^-  and  Mg"*"^- free  Dulbecco's  medium 
and  then  incubated  with  a  0.025%  w/v  trypsin  solution.     Cells  were  counted 
in  a  Particle  Data  Counter  or  a  Neubauer  counting  chamber.     Cell  viability 
was  assessed  by  ability  to  exclude  trypan  blue  (0.05%  solution). 

Measurement  of  -^^C-Indomethacin  Uptake.     Culture  medium  was  removed  by 
aspiration  and  the  cells  were  washed  briefly  in  0.1  ml   ice-cold  Dulbecco's 
medium  and  then  0.1  ml   0.4  M  perchloric  acid.     The  cell   residues  were  washed 
with  0.1  ml   of  an  ethanolic  solution  of  unlabeled  indomethacin  (1  mg/ml )  to 
extract  labeled  indomethacin  from  the  precipitated  cell   residues. 

Measurement  of  Amino  Acid  Transport.     Experiments  were  performed  in  a 
sterile  hood  heated  to  37°C.     Cultures  were  washed  twice  in  Dulbecco's  medium 
and  solutions  of  a-aminoisobutyric  acid  [^H]   (AIB),  a-methylaminoisobutyric 
acid  [l^C]  (MeAIB),  aminobicycl oheptyl-carboxylic  acid  [l^c]  (BCH),  or  mix- 
tures of  these   (20  nCi   of  ^^C-  and  100  nCi   of  ^H-labeled  compounds)   in 
Dulbecco's  medium  were  added.     The  cultures  were  incubated  for  10  min  unless 
indicated  otherwise,  placed  on  ice,  washed  twice  with  ice-cold  Dulbecco's 
medium  (Ca"*""*"-  +  Mg+^-free)  and  lysed  with  200  pi   water.     Samples   (100  pi) 
of  the  lysate  were  assayed  for  radioactivity.     Unlabeled  amino  acids  were 
added  along  with  the  labeled  compounds.     Other  procedures  were  described  in 
detail    in  last  year's  annual   report. 

Definition  of  Amino  Acid  Transport  Systems.     These  systems  have  been 
defined  by  Christensen  and  co-workers  in  a  variety  of  mammalian  cell   lines 
by  the  use  of  nonmetabolizable  neutral   amino  acids,  which  include  a-amino- 
isobutyric acid  (AIB),  a-methylaminoisobutyric  acid  (MeAIB)  and  aminobicy- 
cl oheptdyl-carboxylic  acid  (BCH).     The  "A"  system,  which  is  Na"*"-  and  energy- 
dependent,  has  an  affinity  for  AIB  and  MeAIB  and  most  neutral   amino  acids; 
a  Na''"-dependent  "ASC"  system,  which  has  an  affinity  for  nonmethylated  amino 
acids  (it  does  not  take  up  MeAIB);  and  an  "L"  system,  which  is  not  Na"*"-  or 
energy-dependent  and  has  a  high  affinity  for  BCH  and  other  lipophilic  amino 
acids  such  as  leucine.     "Lysine"  and  "aspartate"  preferring  systems  have 
also  been  described  for  the  transport  of  basic  and  acidic  amino  acids. 

Major  Findings:     Amino  Acid  Transport  Systems  Affected  by  Anti-Inflam- 
matory Drugs:     Studies  in  HTC  Cultures.     At  least  three  systems  of  transport 
could  be  readily  identified  in  HTC  cultures.     These  included  the  "L"  system, 
which  was  not  Na  -  and  energy-dependent  and  had  a  high  affinity  for  BCH  (K^^^, 
0.1  mM),  and  two  Na"*"- dependent  systems  which  had  an  affinity  for  both  AIB 
and  MeAIB  ("A"   system).     The  two  Na'''-dependent  components  could  be  readily 
distinguished  by  a  marked  difference  in  affinity  constants  for  MeAIB   (0.27 
and  >  3  mM,  respectively)    (Table  I).      Indomethacin  inhibited  selectively  the 
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high  affinity  component  in  a  dose-dependent  manner  (between  0.05  and  0.4  mM). 
The  Na"*"- independent  uptake  of  AIB  and  MeAIB  was  unaffected,  and  the  uptake 
of  BCH  ("L"  system)  was  enhanced  by  indomethacin  (Table  II). 

All  of  the  ant i -inflammatory  drugs  tested  inhibited  the  uptake  of  AIB 
and  culture  growth  to  a  similar  degree  (Table  III)  and  stimulated  the  uptake 
of  BCH.  Inactive  derivatives  or  analogues  of  the  drugs,  such  as  gentistic 
acid  and  ^-hydroxybenzoic  acid,  were  neither  cytostatic  nor  inhibitory  (of 
amino  acid  transport). 

Studies  in  other  Cell  Lines.  The  high  affinity  component  of  the  "A" 
system  was  also  identified  in  a  BRL-T  hepatocyte  cell  line  (cloned  from 
spontaneously  transformed  liver  cells  isolated  from  a  Buffalo  rat)  and  a 
nontransformed  human  fibroblast  cell  line.  This  component  was  especially 
prominent  in  the  HTC  and  exponentially  growing  fibroblast  cultures.  It 
disappeared  in  confluent  fibroblast  cultures  but  decayed  to  some  extent  in 
confluent  cultures  of  the  two  transformed  cell  lines.  As  with  the  HTC  cul- 
tures, only  the  high  affinity  component  was  inhibited  by  indomethacin  and 
uptake  of  BCH  by  the  "L"  system  was  enhanced  (Table  II). 

Time  Course  of  Inhibition  of  the  High  Affinity  "A"  Component:  Studies 
with  Cycloheximide.  Upon  addition  of  indomethacin,  the  uptake  of  MeAIB  de- 
clined in  an  exponential  fashion  over  the  course  of  2-4  hr.  The  time  course 
was  similar  to  that  observed  with  cycloheximide,  although,  unlike  cyclohex- 
imide, indomethacin's  primary  action  did  not  appear  to  be  through  inhibition 
of  protein  synthesis- 
Removal  of  drug  led  to  the  gradual  reappearance  of  the  high  affinity 
component,  and  the  uptake  of  MeAIB  was  fully  restored  (6-8  hr)  before  cells 
entered  the  "S"  phase  of  their  cycle  as  indicated  by  resumption  of  DNA 
synthesis. 

Kinetic  Analysis  of  the  Effects  of  Indomethacin  on  Amino  Acid  Trans- 
port and  Sodium  Dependency.  In  all  cell  lines,  indomethacin  did  not  alter 
the  affinity  of  the  amino  acids  (AIB,  MeAIB  and  BCH)  for  the  transport  system 
nor,  in  the  case  of  MeAIB,  the  affinity  of  the  carrier  for  Na"*".  The  only 
effect  observed  was  a  decline  (or  an  increase  in  the  case  of  BCH)  in  the 
values  for  ^max'     ^e  conclude  from  these  data  and  the  findings  described  in 
the  previous  section  that  indomethacin  altered  the  number  of  functional 
transport  carriers  and  that  indomethacin's  action  was  related  in  some  manner 
to  the  normal  turnover  of  carriers  in  the  plasma  membrane. 

Uptake  of  Indomethacin  by  Cells  and  Influence  of  Binding  to  Serum  in 
the  Culture  Mediuiiu  As  reported  in  last  year's  report,  studies  with  ^^C- 
indomethacin  indicated  that  the  drug  was  localized  to  a  high  degree  intra- 
cellularly  and  that  the  localization  was  influenced  by  pH  and  serum  concen- 
tration of  the  medium.  Scatchard  analysis  revealed  that  indomethacin  is 
bound  by  two  processes,  one  with  a  high  affinity  for  the  drug  and  saturated 
at  low  drug  concentration  (50  ym),  and  one  which  was  nonsaturable  and  had  a 
low  affinity  for  the  drug.  The  latter  was  thought  to  be  due  to  uptake  of 
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drug  into  lipid  structures.     In  BRL-T  cultures,  which  can  be  grown  in  low 
concentrations  of  serum,  indomethacin's  potency  was  found  to  be  directly 
related  with  the  concentration  of  serum«     In  the  presence  of  1%  fetal   calf 
serum,  a  50%  inhibition  of  growth  was  observed  at  50  yM,  a  concentration 
that  is  close  to  that  observed  therapeutically  (20  yM)  or  after  pharmaco- 
logical  doses  of  drug  in  dog  and  rat  (40  pM). 

Amino  Acid  Transport  in  Thymus  Lymphocytes  Removed  from  Normal   and 
Indomethacin-Treated  Rats.     Thymus  lymphocytes  from  untreated  rats  took  up 
amino  acids  in  the  same  manner  as  the  cell   cultures,  i.e.,  uptake  by  an  "L" 
system  and  two  Na''"-dependent  components  of  the  "A"  system  could  be  identi- 
fied by  differences  in  affinity  constants  for  MeAIB.       In  cells  isolated 
from  indomethacin-treated  rats  (10  mg/kg,  p.o.,  daily  for  3  days),  the  high 
affinity  component  of  the  "A"  system  was  largely  suppressed.     Addition  of 
indomethacin  to  lymphocytes  from  control   rats  resulted  in  a  decay  in  uptake 
of  MeAIB.     Enhancement  of  the  high  affinity  component   (by  incubation  in 
amino  acid-free  medium)  was  suppressed  by  indomethacin. 

Significance  to  Biomedical   Research.     The  work  reveals  a  valuable  prop- 
erty of  the  anti -inflammatory  drugs;  that  is,  they  arrest  cell   growth  in  the 
Gi  phase  for  up  to  several   days  and  that  after  removal   of  drug  synchronous 
growth  of  culture  occurs.     The  ability  to  suppress  the  emergence  of  the  high 
affinity  of  amino  acid  transport  may  be  related  to  the  ability  of  these 
drugs  to  inhibit  cell   cycling  and  lymphocyte  transformation.     These  effects 
may  have  therapeutic  significance  and  may  have  potential   use  in  studies  of 
cell  cycle. 

Proposed  Course:     Reactions  associated  with  changes  in  membrane  func- 
tion, e.g.,  methylation  of  phospholipids,  energy  coupling,  will   be  investi- 
gated as  possible  mechanisms  for  the  decay  in  active  transport. 

Publications:       Bayer,  B.M. ,   Kruth,   H.S. ,  Vaughan,  M. ,  and  Beaven,  M.A. : 

Arrest  of  cultured  cells  in  the  G^  phase  of  the  cell  cycle 
by  indomethacin.     J.   Pharmacol.   Exp.  Ther.   210:   106-111, 
1979. 

de  Mello,  M.C.F.,  Bayer,  B.M.,  and  Beaven,  M.A. :     Evidence 
that  prostaglandins  do  not  have  a  role  in  the  cytostatic 
action  of  anti -inflammatory  drugs.     Biochem.   Pharmacol.   29: 
311-318,   1980. 

Bayer,  B.M.,  Lo,  T.N.,  and  Beaven,  M.A. :     Anti -inflammatory 
drugs  alter  amino  acid  transport  in  HTC  cells.     J.   Biol. 
Chem. ,  in  press. 

Beaven,  M.A.  and  Bayer,  B.M. :  Factors  influencing  the  up- 
take and  disposition  of  indomethacin-^^c  in  cell  cultures. 
Biochem.   Pharmacol.,  in  press. 
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TABLE  I 

Kinetic  parameters  of  AIB,  MeAIB,  and  BCH  transport  in  the 

presence  of  indomethacin 

Inhibitable  component         Non-Inhibitable  Component 


^  ^max  Km  V 


max 


AIB  0.7         4.5  (7.5) 

MeAIB  0.27        2.7  (5.5) 

BCH  —  ~  0.11         3.1  (1.95) 


K_,  =  mM;  V^.^-^  =  nmo1e/10^  cells/10  min. 


m    '  max 


TABLE  II 
Influence  of  indomethacin  on  uptake  of  amino  acids  in  the 


presi 

ence  and  absence 

of 

Na+ 

Medium 

Treatment 

Uptake 

(pmoles/106  cell 

s/10  min) 

Control 

Indomethacin 
(0.4  mM) 

Control 

Indomethacin 
(0.4  mM) 

AIB 

CH3-AIB 

BCH 

Complete 

Krebs 

Ringer 

Na''"-Free 

Krebs 

Ringer 

2.57  ±  0.13 

1.00  ±  0.03 
(-61%) 

0.21  ±  0.002 

0.20  ±  0.003 
(-7%) 

149.2  ±  6.6 

55.8  ±  2.2 
(-63%) 

3.0  ±  0.2 

2.4  ±  0.2 
(-18%) 

1036  ±  21.6 

1355  ±  6.6 
(+30%) 

1065  ±  23.0 

1253  ±  20.8 
(+18%) 

Mean  ±  SEM  (n  =  6). 
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TABLE  III 
Effect  of  different  anti -inflammatory  drugs  on  amino  acid  uptake 

Drug  (mM)  Uptake 


AIE 

i-3 

'h 

BCH-14C 

(%  of 

controls) 

0.2 
0.4 

71 
48 

+ 
± 

4 
3 

94  ±  2 
105  ±  2 

0.5 

53 

+ 

3 

102  ±  4 

1.0 
0.5 

44 
97 

+ 
+ 

2 
8 

116  ±  1 
100  ±  2 

1.0 
7.5 

10.0 

112 
73 
65 

+ 

+ 
+ 

4 
8 
4 

94  ±  1 
97  ±  3 

95  ±  4 

5.0 
10.0 
15.0 

112 
123 
147 

+ 
+ 
± 

8 

12 
8 

106  ±  3 

114  ±  2 

115  ±  3 

i 


Indomethacin 

Sodium  meclofenamate 
Phenylbutazone 

Aspirin 
Gentisic  acid 
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adipocyte  is  associated  with  loss  in  ganglioside  content,  a  decrease  in  the 
choleragen  receptor,   ganglioside  Gmi .  and  a  reduction  in  surface  G^i  as  esti- 
mated by  choleragen  binding  or  fluorescent  staining  of  bound  choleragen.     G[vii 
thus  serves  as  a  marker  for  the  transition  from  fibroblast  to  adipocytes. 
3)     An  ADP-ribosyltransferase,  which  catalyzes  the  stereospecific  ADP-ribosyla- 
tion of  arginine  and  protein  and,  to  a  lesser  extent,  the  hydrolysis  of  NAD, 
was  identified  in  avian  erythrocytes  and  purified  >  500,000-fold  with  an  18% 
yield.     One  protein  band  of  28,300  molecular  weight  was  observed  on  sodium 
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Project  Description: 

Objectives:  To  define  the  factors  that  regulate  cyclic  nucleotide 
metabolism  in  animal  cells.  Cyclic  nucleotide  synthesis  and  degradation  are 
regulated  in  part  by  mammalian  hormones  and  their  analogs  and  bacterial 
toxins.  Activation  of  adenylate  cyclase  by  these  agents  involves  their  in- 
teraction with  a  specific  surface  receptor  and  subsequently,  in  the  case  of 
two  toxins,  the  enzymatic  modification  of  a  cellular  protein.  The  enzymatic 
mechanism  was  studied  for  the  bacterial  toxins,  and  a  similar  process  was 
defined  in  erythrocytes. 

Methods  Employed:  NAD  glycohydrolase  and  ADP-ribosyltransferase  activ- 
ities were  determined  by  assays  developed  in  the  laboratory. 

Major  Findings:  1)  Activation  of  Adenylate  Cyclase  by  ADP-Ribosylation 
Catalyzed  by  Choleragen.  Choleragen  appears  to  exert  its  effects  on  cells 
through  the  NAD-dependent  activation  of  adenylate  cyclase.  A  possible  role 
for  NAD  as  a  substrate  in  an  ADP-ribosylation  reaction  was  suggested  by  our 
initial  observation  that  choleragen  catalyzes  NAD  hydrolysis  as  well  as  the 
ADP-ribosylation  of  arginine  and  proteins.  In  a  recent  report,  Tait  and 
van  Heyningen  stated  that  the  NAD  glycohydrolase  activity  found  in  choleragen 
preparations  is  due  to  a  contaminating  enzyme.  The  ability  of  choleragen  to 
catalyze  NAD  hydrolysis,  however,  is  of  importance  to  an  understanding  of  the 
mechanism  of  toxin  action.  The  presence  of  NAD  glycohydrolase  activity 
demonstrates  that  the  toxin  can  activate  the  ribosylnicotinamide  bond  of  NAD 
in  the  absence  of  an  acceptor  protein  and  can  use  water  as  an  ADP-ribose 
acceptor. 

Since  work  on  two  other  NAD-dependent  bacterial  toxins,  diphtheria  toxin 
and  Pseudomonas  Exotoxin  A,  is  consistent  with  the  hypothesis  that  NAD 
hydrolysis  occurs  in  the  absence  of  a  protein  acceptor  and  since  our  previ- 
ous findings  were  consistent  with  the  A  subunit  of  choleragen  possessing  an 
intrinsic  NAD  glycohydrolase  activity,  we  investigated  the  ability  of  puri- 
fied peptides  from  choleragen  to  activate  adenylate  cyclase  and  catalyze  NAD 
hydrolysis. 

Choleragen  consists  of  three  peptides:  A^,  A2,  and  B.  The  Aj  peptide 
is  joined  to  A2  through  a  single  disulfide  bond.  The  two  peptides  can  be 
separated  by  gel  permeation  chromatography  after  alkylation  of  the  -SH  groups 
or  by  polyacryl amide  gel  electrophoresis  in  Triton  X-100  and  dithiothreitol . 

In  agreement  with  our  prior  observations,  the  purified  A^  peptide  of 
choleragen,  but  not  the  A2  or  B,  catalyzed  the  hydrolysis  of  NAD  to  ADP- 
ribose  and  nicotinamide  and  the  NAD-dependent  ADP-ribosylation  of  arginine. 
Both  alkylated  and  unmodified  Ai  catalyzed  the  activation  of  adenylate 
cyclase  and  possessed  NAD  glycohydrolase  and  ADP-ribosyltransferase  activity. 
All  the  NAD  glycohydrolase  activity  of  this  choleragen  preparation  co-elec- 
trophoresed  with  toxin  protein  and  cochromatographed  with  the  Ai  peptide, 
the  ADP-ribosyltransferase  activity,  and  the  ability  to  activate  rat  liver 
adenylate  cyclase.  The  K^,  for  NAD  was  similar  for  the  Ai  peptide  to  that  of 
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the  intact  toxin  which  contains  one  Aj  per  molecule.  In  contrast  to  the 
holotoxin  or  its  A  subunit,  the  A^  peptide  did  not  exhibit  a  lag  in  reaction 
rate  or  a  thiol  requirement  for  activity. 

Since  alkylated  Ax  is  as  active  as  holotoxin,  it  would  appear  that  the 
cysteine  is  not  critical  for  enzymatic  activity.  Ledley  et  al_.  have  noted  a 
sequence  homology  between  the  A^  of  choleragen  and  the  a  subunit  of  the  gly- 
copeptide  hormones  which  involved  the  cysteine  and  two  adjacent  amino  acid 
residues  and  suggested  that  this  common  sequence  might  imply  a  similar  mech- 
anism of  action  of  both  toxin  and  hormone.  Since  an  intact  cysteine  is  not 
required  for  enzymatic  activity,  however,  it  is  unlikely  that  the  sequence 
homology  between  Ai  and  a  subunit  occurs  in  a  critical  region  and  is  related 
to  an  ability  to  catalyze  similar  enzymatic  reactions. 

These  results  support  the  conclusion  that  the  A^  peptide  of  choleragen 
possesses  NAD  glycohydrolase  activity  and  can  activate  the  ribose-nicotin- 
amide  bond  of  NAD  in  the  absence  of  an  acceptor  protein. 

2)  Loss  of  Choleragen  Receptors  and  Ganglioside  upon  Differentiation 
of  3T3-L1  Preadipocytes.  3T3-L1  cells,  cloned  by  Green  and  Kehinde  from 
mouse  embryo  fibroblasts,  differentiate  in  culture  into  cells  exhibiting 
typical  adipocyte  morphology.  The  differentiation  of  3T3~L1  preadipocytes 
is  accompanied  by  changes  consistent  with  the  increased  lipogenic  capabil- 
ities of  the  cell . 

As  3T3-L1  preadipocytes  arose  from  a  3T3-fibroblast  line,  their  differ- 
entiation appears  to  represent  a  transition  from  fibroblast  to  adipocyte. 
Thus,  the  loss  of  certain  membrane  components  during  3T3-L1  differentiation 
is  anticipated  based  on  reported  differences  in  the  membrane  composition  of 
fibroblasts  and  adipocytes.  Ganglioside  Gn/n  is  present  in  3T3  fibroblasts 
but  can  be  detected  only  with  special  methodology  at  low  levels  in  rat  adi- 
pocytes as  well  as  adipose  tissue  from  other  species,  including  mouse. 
Changes  in  G^i  content  may  thus  provide  a  useful  marker  for  differentiation 
from  fibroblast  to  adipocyte. 

During  the  differentiation  of  the  3T3-L1  fibroblast,  changes  were  ob- 
served in  ganglioside  content.  Differentiation  was  accompanied  by  a  decrease 
in  total  cellular  ganglioside  content;  the  ganglioside  level  was  1.8-  to  2.5- 
fold  higher  in  undifferentiated  than  in  differentiated  cells.  Gangliosides 
Gm3  and  Gpia  constituted  a  majority  of  total  cell  gangliosides  in  both  cell 
types,  while  ganglioside  Gm,   the  putative  choleragen  receptor,  constituted 
<  5%.  Differentiation  resulted  in  a  75  to  85%  decrease  in  ganglioside  G^i- 

An  inverse  correlation  existed  between  the  percentage  of  adipocytes  in 
the  cell  populations  and:  1)  total  ganglioside  and  ganglioside  Gjvn  content 
and  2)  surface  ganglioside  Gf/]i  as  estimated  by  choleragen  binding  or  fluo- 
rescent staining  of  bound  choleragen.  Nondifferentiating  3T3-C2  control 
cells  did  not  exhibit  changes  in  total  ganglioside,  ganglioside  Gm,   or  chol- 
eragen binding  that  were  observed  with  3T3-L1  cells. 
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3)     Isolation  and  Properties  of  an  NAD-and  Guanidine-Dependent  ADP-Ribo- 
syltransferase  from  Turkey  Erythrocytes.     The  activation  of  adenylate  cyclase 
by  two  bacterial   toxins  from  Vibrio  cholerae  and  Escherichia  coli  has  been 
shown  to  involve  the  NAD-dependent  ADP-ribosylation  of  a  cellular  protein  by 
a  subunit  of  the  toxin.     The  relationship  of  this  cellular  protein  to  the 
catalytic  unit  of  the  cyclase  remains  to  be  clarified.     These  two  toxins 
catalyze,  in  addition  to  the  ADP-ribosylation  of  cellular  proteins^  the  hy- 
drolysis of  NAD  and  the  NAD-dependent  ADP-ribosylation  of  arginine  and  other 
guanidine  derivatives. 

An  NAD-  and  guanidine-dependent  ADP-ribosyltransferase  was  purified  more 
than  500,000-fold  from  turkey  erythrocytes  with  an  18%  yield.     The  enzyme 
in  the  lOOsOOO  x  5  supernatant  fraction  was  bound  to  phenyl-Sepharose,  eluted 
with  50%  propylene  glycol,  and  further  purified  by  sequential   chromatographic 
steps  on  carboxymethyl   cellulose,  NAD-Agarose  and  Concanavalin  A-Agarose. 
The  transferase  was  specifically  eluted  from  Concanavalin  A-Agarose  with 
a-methylmannoside.     This  procedure  resolved  the  guanidine-dependent  ADP-ribo- 
syltransferase from  the  guanidine-independent  NAD  glycohydrolases.     The 
enzyme  was  highly  unstable,  both  in  routine  storage  and  in  the  assay,  but 
could  be  stabilized  by  the  addition  of  30  to  50%  glycerol  or  propylene  glycol 
to  the  storage  buffer  and  by  the  addition  of  nontransferase  protein  to  the 
assay.     Significant  increases  in  enzyme  recovery  were  obtained  by  conducting 
the  NAD-  and  Concanavalin  A-Agarose  chromatography  in  buffer  containing  pro- 
pylene glycol.     Glycerol   or  propylene  glycol   in  the  assay  was  inhibitory. 

The  enzyme  used  both  NAD  and  NADP  as  ribose  donors;  Kj^  values  for  the 
two  were  similar  (30  yM),  although  the  V^gx  with  NAD  was  considerably  higher 
than  that  with  NADP.     The  K^  for  NAD,  30  uM,   is  significantly  lower  than 
the  Kfn  values  of  4  mM  and  8  mM  noted  with  choleragen  and  E.   coli   entero- 
toxin,  respectively.     With  choleragen,  NADP  functioned  poorly  in  the  activa- 
tion of  the  pigeon  erythrocyte  and  rat  liver  adenylate  cyclases  and  was  hy- 
drolyzed  at  less  than  1%  the  rate  observed  with  NAD  in  the  NAD  glycohydrolase 
and  ADP-ribosyltransferase  assays.     Thus,  the  catalytic  site  of  choleragen 
discriminated  between  NAD  and  NADP  more  stringently  than  did  the  avian 
erythrocyte  transferase.     This  ability  of  the  avian  enzyme  to  utilize  NADP 
as  an  ADP-ribose  donor,  though  different  from  choleragen,   is  similar  to  that 
of  some  mammalian  NAD  glycohydrolases. 

The  Km  values  for  arginine  methyl   ester  were  2  and  50  mM,  while  those 
for  arginine  were  6  and  75  mM;  the  Lineweaver-Burk  plots  were  consistent  with 
"negative  cooperativity."     In  addition  to  arginine,   other  guanidino  deriva- 
tives served  as  ADP-ribose  acceptors  with  agmatine  =  arginine  methyl   ester  > 
arginine  >  guanidine  >  guanidinobutyrate  >  guanidinopropionate.     The  stereo-- 
specificity  of  the  transferase-catalyzed  reaction  between  NAD  and  arginine 
was  established  by  NMR  spectroscopy;  the  a-anomeric  species  of  ADP-ribose-L- 
arginine  ester  was  formed  preferentially.     Similar  stereospecificity  was 
observed  with  both  choleragen  and  E^.   coli   heat-labile  enterotoxin. 

The  purified  protein  exhibits  one  predominant  protein  band  on  SDS-poly- 
acrylamide  gels  with  an  estimated  molecular  weight  of  28,300.     On  Ultrogel 
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AcA  54  chromatography,   single  coincident  peaks  of  ADP-ribosyltransferase 
activity  and  protein  were  observed.     Enzyme  activity  was  independent  of  DNA. 
The  specific  activity  of  the  purified  enzyme   (350  ymol   of  ADP-ribose  trans- 
ferred from  NAD  to  argine  methyl   ester'min"l*mg"l)   (using  arginine  methyl 
ester  as  the  ADP-ribose  acceptor)   is  considerably  higher  than  that  obtained 
with  either  toxin.     Since  arginine  methyl   ester  is  presumably  only  a  model 
for  the  ADP-ribose  acceptor(s)   in  cells,  the  maximal   velocity  for  either 
the  transferase  or  choleragen  or  both  may  be  higher  with  the  natural    intra- 
cellular acceptor(s). 

The  specific  activity  and  estimated  protomeric  molecular  weight  trans- 
lated into  a  turnover  number  of  '^  9,000  mol    of  ADP-ribose  transferred  to 
arginine  methyl   ester  per  min  per  mol   enzyme.     This  activity  is  comparable 
to  that  of  NAD  glycohydrolases  and  is  higher  than  that  reported  for  poly(ADP- 
ribose)transferases.     The  latter  enzymes  can  be  presumed  to  catalyze  multiple 
distinct  reactions,  and  the  transfer  of  ADP-ribose  to  protein  may  not  repre- 
sent the  rate-limiting  step. 

The  highly  purified  transferase  was  inhibited  by  thymidine,  nicotinamide 
and  theophylline.     The  erythrocyte   (ADP-ribosyl )  transferase  was  thus  similar 
to  the  poly(ADP-ribose)polymerase  in  its  sensitivity  to  inhibition  by  nico- 
tinamide and  thymidine.     The  fact  that  these  agents  inhibit  ADP-ribosylation 
is  consistent  with  the  possibility  that  some  of  their  effects  in  cells  may 
result  from  inhibition  of  mono-  as  well   as  poly(ADP-ribosylation). 

Although  the  function  of  ADP-ribosylation  in  the  action  of  bacterial 
toxins  has  been  partially  defined,  the  role  of  endogenous  NAD-dependent 
mono(ADP-ribosylation)   in  animal   cells  remains  unclear.     The  availability  of 
a  purified  ADP-ribosyltransferase  should  assist  in  the  investigation  into 
this  form  of  covalent  modification. 

Significance  to  Biomedical   Research:     The  pulmonary  and  cardiovascular 
systems  are  affected  under  physiological   and  pathological   conditions  by 
extracellular  agents  such  as  hormones  and  toxins.     The  lung,  in  particular, 
is  exposed  through  the  tracheobronchial  tree  to  a  variety  of  bacterial  and 
toxic  agents.     To  be  effective,  some  of  these  agents  must  interact  with  a 
cellular  receptor,  and  a  substantial    number  of  these  agents  exert  their 
effects  by  altering  the  steady-state  levels  and  localizations  of  cyclic 
nucleotides  within  the  cell.     A  number  of  pharmacological   agents  have  been 
in  use  which  override  aberrant  physiological   control   to  the  benefit  of  the 
patient;  these  agents  have  been  designed  to  interact  with  specific  cellular 
receptors.     By  using  cultured  cells,  model    systems  and  purified  preparations, 
it  may  be  possible  to  simplify  and  define  the  factors  critical   to  cyclic 
nucleotide  metabolism.     These  models  can  then  be  used  to  understand  the  con- 
trols which  operate  in  the  more  complex  pulmonary  and  cardiovascular  system. 

Proposed  Course:     The  events  which  occur  following  the  binding  of  hor- 
mone on  toxin  and  the  role  of  covalent  modification  in  the  action  of  hormone 
on  toxin  will   be  defined. 
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Objectives:  This  project  is  a  continuation  of  and  it  completes  the 
previous  year's  project  No.  ZOl  HL  00623-01  CM.  Its  purpose  was  to  explore 
the  potential  role  of  enzymes  other  than  Hydroxymethylglutaryl  Coenzyme  A 
reductase  in  the  regulation  of  sterol  synthesis  in  mammalian  tissues.  The 
decarboxylase  step  follows,  in  the  metabolic  sequence,  mevalonate  phos- 
phorylation, the  study  of  which  was  reported  earlier. 

Methods  Employed:  Human  skin  fibroblasts  are  grown  in  monolayers. 
Cells  are  incubated  in  a  medium  containing  various  additions,  washed,  har- 
vested and  frozen.  Cells  are  homogenized,  and  the  10,000  x  £  supernatant 
of  the  homogenate  is  used  for  the  mevalonate  pyrophosphate  assay.  The 
radioactive  substrate  is  prepared  by  incubation  of  2-l^C-mevalonate  with 
pig  liver  enzymes  and  isolated  by  TLC 

Major  Findings:  Labeled  mevalonate  pyrophosphate  was  readily  converted 
to  isopentenyl  pyrophospahte  under  the  conditions  of  the  assay  (enzymatic 
decarboxylation).  Mevalonate  pyrophosphate  decarboxylase,  like  mevalonate 
kinase,  was  34%  lower  in  cells  incubated  with  whole  serum  than  in  those 
incubated  with  1 ipid-deficient  serum.  Insulin,  which  increases  mevalonate 
kinase  activity  ^,  100%,  had  no  significant  effect  on  mevalonate  pyrophos- 
phate decarboxylase  in  these  cells. 

Significance  to  Biomedical  Research:  The  inhibitory  effect  of  serum 
lipids  on  mevalonate  pyrophosphate  decarboxylase  is  likely  to  contribute  to 
feedback  inhibition  of  overall  cholesterol  synthesis  in  the  organism. 

Proposed  Course:  This  project  is  esssentially  completed  and  the 
results  are  being  prepared  for  publication. 

Publications:  None 


\ 


33^ 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 

NOTiCE  OF 
l(IT!SMUi^L  RESEARCH  PRdJEGT 


PROJECT  NUMBER 


ZOl  HL  00625-02  CM 


PERIOD  COVERED  „    ,  „„„ 

October  1,  1979  through  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

ADP-Ribosyltransferases:     Characterization  of  their  Substrates  and  of 
Factors  that  Control  their  Activity 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


Paul  A.  Watkins 
Joel  Moss 

Martha  Vaughan 


Research  Associate 
Head,  Section  on 
Molecular  Mechanisms 
Chief,  Laboratory  of 
Cellular  Metabolism 


CM  NHLBI 
CM  NHLBI 
CM   NHLBI 


COOPERATING  UNITS  (if  any) 

None 


LAB/BRANCH 

Cellular  Metabolism 


SECTION 


Metabolic  Regulation 


INSTITUTE  AND  LOCATION 

NHLBI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


1.2 


PROFESSIONAL: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


1.2 


OTHERS 


D  (b)  HUMAN  TISSUES 


[}  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  role  of  GTP  in  chol eragen-dependent  activation  of  adenylate  cyclase 
was  studied  by  examining  the  effect  of  nucleoside  triphosphates  on 
choleragen-catalyzed  ADP-ribosylation  of  proteins.     Choleragen  catalyzed 
the  transfer  of  ADP-ribose  from  NAD  to  multiple  soluble  and  membrane 
proteins  of  bovine  thymus  and  brain  as  well  as  to  purified  proteins  such 
as  polyarginine,  lysozyme.  and  hi  stone.     Nucleoside  triphosphates,  pri- 
marily GTP,  enhanced  the  labeling  of  several   soluble  proteins,  and  had 
variable  effects  on  ADP-ribosylation  of  purified  proteins. 
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Project  Description: 


Objectives:     Cholera  enterotoxin  and  an  enzyme  purified  from  turkey 
erythrocytes  catalyze  the  NAD-dependent  ADP-ribosylation  of  proteins.     The 
purpose  of  this  study  was  to  1)   identify  specific  cellular  proteins  that 
serve  as  substrates  for  choleragen  and  transferase,  2)   examine  the  effect  of 
ADP-ribosylation  of  cellular  proteins  on  metabolic  processes,  and  3)  examine 
mechanisms  for  the  regulation  of  toxin-  and  transferase-catalyzed  ADP-ribo- 
sylation of  proteins. 

Methods  Employed:     Purified  proteins  or  fractions  from  bovine  thymus 
or  brain  were  incubated  with  32p_  gr  ^h-NAD;   proteins  were  precipitated  with 
acid,  collected  on  filters,  solubilized,  and  separated  on  polyacrylamide  slab 
gels  containing  SDS.     ADP-ribosylated  proteins  were  digested  with  snake  venom 
phosphodiesterase  to  study  the  nature  of  the  covalent  modification. 

Major  Findings:     Choleragen  exerts  its  toxic  effects  on  animal   cells 
through  activation  of  adenylate  cyclase  with  a  resulting  increase  in  intra- 
cellular cAMP  content.     In  cell-free  systems,  activation  of  adenylate  cyclase 
requires  NAD  and  GTP.     NAD  serves  as  an  ADP-ribose  donor  for  the  choleragen- 
catalyzed  ADP-ribosylation  of  membrane  components  and  several   purified  pro- 
teins.    GTP  is  necessary  for  optimal   catalytic  activity  of  hormone-  and 
toxin-activated  adenylate  cyclases,   leading  to  the  suggestion  that  a  GTP- 
binding  protein  is  a  regulatory  component  of  the  cyclase  system.     A  guanyl- 
nucleotide-binding  protein  of  molecular  weight  ~  42,000  has  been  partially 
purified  in  other  laboratories  from  pigeon  erythrocyte  membranes.      It  con- 
ferred GTP  sensitivity  on  adenylate  cyclase  preparations  that  were  otherwise 
unresponsive  to  nucleotide.     Other  investigators  have  shown  that  several 
pigeon  erythrocyte  and  mouse  lymphoma  membrane  proteins  can  be  ADP-ribo- 
sylated by  choleragen  in  the  presence  of  cytosolic  factors  and  nucleoside 
triphosphate;  the  principal   one  has  a  molecular  weight  similar  to  that  of 
the  GTP-binding  protein.     In  all   systems,  choleragen  apparently  catalyzed 
the  nucleoside  tri phosphate-dependent  ADP-ribosylation  of  multiple  proteins. 
We  questioned,  therefore,  whether  the  GTP  dependence  of  the  reaction  was  of 
itself  sufficient  to  implicate  an  ADP-ribosylated  protein  in  adenylate 
cyclase  regulation. 

Choleragen,  using  [^H]  or  [32p]NAD  as  substrate,  catalyzed  the  ADP- 
ribosylation  of  soluble  and  membrane  proteins  of  bovine  thymus  and  brain. 
Choleragen-dependent  ADP-ribosylation  of  soluble  proteins  from  bovine  thymus, 
using  [32p]NAD  as  substrate,  was  increased  three-  to  fourfold  by  GTP.     The 
effect  was  specific  for  nucleoside  triphosphate,  with  GTP  =   ITP  >  CTP  >  ATP 
>  UTP.     Half-maximal   enhancement  was  observed  with  0.5  mM  GTP.     The  magni- 
tude of  the  GTP  effect  decreased  with  increasing  NAD  concentration;  GTP  had 
no  effect  on  hydrolysis  of  NAD  at  low  NAD  concentrations.     Digestion  of  ADP- 
ribosylated  proteins  with  snake  venom  phosphodiesterase  yielded  primarily 
5'-AMP,   indicating  that  the  product  is  a  mono-  rather  than  a  poly(ADP-ribo- 
syl )-protein.     Sodium  dodecyl   sulfate-polyacrylamide  gel   electrophoresis  of 
soluble  proteins  from  thymus  after  incubation  with  choleragen  and  [32p]|\|AD 
separated  numerous  ADP-ribosylated  proteins;  radioactivity  in  all   bands  was 
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increased  by  nucleoside  triphosphate.  Choleragen  catalyzed  the  ADP-ribosyla- 
tion  of  several  purified  proteins;  depending  on  the  protein,  GTP  either  in- 
creased, decreased,  or  had  no  effect  on  the  extent  of  ADP-ribosylation.  GTP 
virtually  abolished  labeling  of  polyarginine,  nearly  doubled  the  amount  of 
label  incorporated  into  lysozyme  and  calf  thymus  hi  stone  classes,  f2a.  f2b> 
and  f3,  and  had  no  effect  when  several  other  proteins  served  as  ADP-ribose 
acceptors.  The  fact  that  choleragen  catalyzes  the  ADP-ribosylation  of  a 
wide  variety  of  proteins  is  consistent  with  the  possibility  that  intoxica- 
tion results  in  the  covalent  modification  of  more  than  one  cellular  protein 
and  perhaps  alters  the  activity  of  enzymes  in  addition  to  adenylate  cyclase. 

Significance  to  Biomedical  Research:  Choleragen  exerts  its  effects  on 
mammalian  cells  by  activating  adenylate  cyclase,  thereby  increasing  intra- 
cellular cAMP  levels.  This  presumably  occurs  via  the  toxin-catalyzed  ADP- 
ribosylation  of  a  component  of  the  adenylate  cyclase  system.  The  elucidation 
of  the  nature  of  the  specific  cyclase  component  modified  by  choleragen  will 
greatly  extend  present  knowledge  of  the  regulation  of  cyclic  nucleotide 
metabolism.  Moreover,  the  presence  of  an  endogenous  enzyme  in  turkey  eryth- 
rocytes that  catalyzes  a  reaction  identical  to  that  catalyzed  by  cholera 
toxin  suggests  that  a  similar  mode  of  regulation  may  exist  endogenously. 
Since  cyclic  nucleotides  are  known  to  regulate  numerous  metabolic  processes 
in  tissue  such  as  heart  and  lung,  knowledge  of  the  regulation  of  cAMP  levels 
would  be  valuable.  In  addition,  the  fact  that  several  proteins  are  ADP- 
ribosylated  by  choleragen  and  that  this  process  may  be  modulated  in  vivo  by 
nucleoside  triphosphates  suggests  that  ADP-ribosylation  of  proteins  may  be  a 
generalized  mechanism  of  metabolic  regulation. 

Proposed  Course:  1)  Identification  of  the  protein  substrates  for 
choleragen-catalyzed  ADP-ribosylation  in  intact  cells. 

2)  Determination  of  the  effects  of  nucleoside  triphosphates  on  ADP- 
ribosylation  catalyzed  by  the  turkey  erythrocyte  transferase-catalyzed 
reaction. 

Publications:  Watkins,  P. A.,  Moss,  J.,  and  Vaughan,  M. :  Effects  of  GTP  on 
choleragen-catalyzed  ADP-ribosylation  of  membrane  and  soluble 
proteins.  J.  Biol.  Chem.  255:  3959-3963,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1)  Many  cells  contain  a  GTP-binding  protein  which  is  part  of  the  adenylate 
cyclase  complex.     The  GTP-binding  protein  is  involved  in  the  regulation 
of  adenylate  cyclase  by  hormones,  cholera  toxin,  and  other  agents.     We 
are  attempting  to  isolate  the  nucleotide  binding  protein  from  porcine 
erythrocyte  membranes.     We  are  using  a  variant  of  549  mouse  lymphoma 
cells  which  are  deficient  in  GTP-binding  protein  to  assess  the  progress 
of  the  purification. 

2)  Complementation  of  the  S49  cell  membranes  deficient  in  GTP-binding  pro- 
tein with  the  factor  was  time-  and  temperature-dependent  and  enhanced 
by  prior  activation  of  the  factor  with  choleragen  and  GTP  or  a  non- 
hydrolyzable  GTP  analogue. 
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Project  Description: 

Objectives:  Numerous  cells  contain  a  GTP-binding  protein  which  is 
believed  to  be  involved  in  the  regulation  of  adenylate  cyclase  by  hormones, 
catecholamine  and  cholera  toxin.  As  a  prerequisite  to  establishing  the 
role  of  the  protein  to  this  regulation,  we  are  attempting  to  purify  the 
GTP-binding  protein  from  porcine  erythrocyte  membranes  and  to  clarify  the 
factors  involved  in  the  interaction  of  this  protein  with  the  other  com- 
ponents of  the  cyclase  system. 

Methods  Employed:     Porcine  erythrocyte  membranes  are  prepared  by 
hemolysis  and  extensive  washing  in  hypotonic  buffers  at  neutral   pH.     The 
purified  membranes  are  solubilized  with  detergents  followed  by  centrifuga- 
tion  at  100,000  x  ^  for  60  min.     The  GTP-binding  protein  is  determined  by 
reconstitution  with  variant  S49  lymphoma  cell  membranes  which  are  geneti- 
cally deficient  in  GTP-binding  protein   (Ross  et  ^. ,  J.   Biol.   Chem.   252: 
5761,   1977).     The  lymphoma  cell   membranes  have  no  demonstrable  adenylate 
cyclase  activity  unless  preincubated  with  detergent  extracts  of  membranes 
from  various  cells.     Adenylate  cyclase  was  assayed  by  the  procedure  of 
Salomon  and  Rodbel  1    (Anal.   Biochem.  58:   541,   1974). 

Major  Findings:     1)     The  GTP-binding  protein  has  been  partially  puri- 
fied by  using  several    chromatographic  techniques.     Those  which  have  proven 
most  useful   are  ion-exchange  chromatography  on  DEAE,   hydrophobic  chroma- 
tography on  octyl   Sepharose,  and  gel   filtration  using  Ultrogel   AcA34.     The 
protein  has  an  apparent  molecular  weight  of  130,000  as  determined  by  gel 
filtration,  although  this  is  dependent  on  detergent  concentration.     SDS- 
polyacryl amide  gel   electrophoresis  of  detergent  extracts  of  porcine  eryth- 
rocyte membranes  pretreated  with  cholera  toxin  and  ■^^P-HM)  reveals  two  major 
proteins  which  are  labeled  with  32p.     one  protein  has  a  molecular  weight  of 
50-55,000  and  the  other  has  a  molecular  weight  of  42,000. 

2)     Complementation  of  the  GTP-binding  protein  with  the  lymphoma  cell 
membranes  was  time-dependent  and  favored  by  increasing  temperature  from  0°C 
to  37°C.     The  GTP-binding  protein  needed  to  be  activated  by  either  cholera- 
gen,  GTP  and  NAD  or  by  Gpp(NH)p.     The  solubilized  GTP-binding  protein 
appeared  to  recombine  with  membranes  from  the  lymphoma  cells  better  than 
did  the  GTP-binding  protein  when  still   present  in  an  intact  membrane. 

Significance  to  Biomedical   Research:     Many  hormones,  drugs,  and  other 
agents  exert  their  effects  on  cells  by  modifying  adenylate  cyclase  activity, 
but  the  molecular  mechanisms  by  which  this  important  enzyme  is  regulated 
remain  to  be  elucidated. 

Proposed  Course:     To  define  the  relationship  of  the  GTP-binding  protein 
to  adenylate  cyclase  and  its  role  in  the  regulation  of  cyclase  activity. 

Publications:     Bitonti,  A.J.,  Moss,  J.,  Tandon,  N.N.,  and  Vaughan,  M. :     Pros- 
taglandins increase  GTP  hydrolysis  by  membranes  from  human 
mononuclear  cells.     J.   Biol.   Chem.    255:   2026-2029,    1980. 
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Nakaya,  S. ,  Moss,  J.,  and  Vaughan,  M.:  Analysis  of  cofactor 
requirements  for  activation  of  adenylate  cyclase  by  cholera- 
gen  independent  of  requirements  for  catalytic  activity.  In 
Proceedings  of  the  Fifteenth  Joint  Conference  on  Cholera. 
DHEW  Publ.  No.  (NIH)  80-2003,  1980,  pp.  299-306. 

Nakaya,  S.,  Moss,  J.,  and  Vaughan,  M. :  Effects  of  nucleo- 
side triphosphates  on  choleragen-activated  brain  adenylate 
cyclase.  Biochemistry,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Although  histamine  is  localized  in  regions  that  represent  phylogenetically  older 
parts  of  mammalian  brain,  there  has  been  no  systematic  study  of  its  occurrence 
in  brain  of  primitive  vertebrates.  Histamine  was  found  in  brain  of  all  twelve 
vertebrate  species  tested.  Species  which  did  not  have  a  cerebral  cortex  (neo- 
pallium) or  a  well -developed  cerebellum,  such  as  amphibia,  fish  and  hagfish,  hac 
higher  cerebral  histamine  levels  than  mammalian  species,  even  though  histamine 
was  present  in  only  trace  (<  0.1  pg/g  tissue)  amounts  in  most  peripheral  tissue; 
(an  exception  was  gastric  mucosa)  of  these  species.  In  dogfish,  histamine  was 
present  throughout  the  brain  stem  and  spinal  cord  but  was  mostly  concentrated  in 
the  midbrain  region.  A  large  proportion  of  this  histamine  could  be  recovered  ir 
washed  synaptosomal  preparations.  Histamine  methyltransferase  and  diamine  oxi 


dase  activity  was  present  in  brain  of  all  aquatic  species,  whereas  only  methyl- 
transferase was  present  in  mammalian  species.  The  studies  add  further  support 
to  the  idea  that  histamine  is  a  neurotransmitter  and  suggest  that  histaminergic 
neurones  innervate  primitive  regions  of  the  brain. 
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Project  Description: 

Objectives:  In  addition  to  histamine's  participation  in  anaphylactic 
reactions  and  in  processes  involved  in  gastric  secretion,  there  has  been 
increasing  interest  in  its  possible  role  in  brain.  Studies  since  1966  have 
shown  that  histamine  is  highly  localized  in  certain  parts  of  mammalian 
brain,  particularly  in  discrete  nuclei  in  the  hypothalamus.  Much  of  this 
histamine  can  be  recovered  in  synaptosomal  fractions  of  brain  homogenates. 
More  recently,  histamine  receptors  (both  Hi  and  H2)  have  been  identified  in 
rat  and  guinea  pig  brain  by  the  binding  of  labeled  agonists  and  antagonists 
to  synaptosomal  membranes  and  by  histamine-induced  activation  of  adenylate 
cyclase  in  brain  slices.  Histamine,  when  administred  into  brain  by  ionto- 
phoretic  techniques,  causes  either  suppression  (through  activation  of  H2 
receptors)  or  facilitation  (through  activation  of  H^  receptors)  of  spon- 
taneous neuronal  firing  in  the  hypothalamus  and  various  other  structures 
in  the  diencephalon  and  forebrain.  Somatic  responses  include  a  decrease 
in  blood  pressure  (up  to  50  mm  Hg),  an  increase  in  heart  rate  (up  by  30%) 
and  a  marked  decrease  in  body  temperature.  From  measurements  of  histamine 
and  histidine  decarboxylase  activity  in  microbiopsy  specimens,  Schwartz  and 
his  collaborators  (see  Life  Sci.  25:  895-912,  1979)  have  concluded  that 
medial  bundles  of  histaminergic  fibers  pass  through  the  midbrain  and  inner- 
vate synapses  in  the  forebrain.  However,  release  of  endogenous  histamine 
and  associated  changes  in  neurophysiological  parameters  has  not  been  demon- 
strated. 

The  above  studies  have  utilized  mammalian  brain,  and  little  data  are 
available  for  nonmammalian  species.  Since  histamine  is  located  almost  ex- 
clusively in  the  phylogenetically  older  parts  of  mammalian  brain,  we  felt 
that  if  histamine  has  a  role  in  neurotransmission  it  should  be  present  in 
brain  of  more  primitive  veretebrate  species.  This  program  was  undertaken 
to  verify  this  thesis. 

Methods  Employed:  Sources.  Mammalian  species  were  obtained  through 
NIH  sources,  and  amphibia  were  borrowed  from  other  investigators  in  the 
Institute.  Fish  heads  were  cut  from  freshly  caught  specimens  by  Dr.  John 
Valois  at  the  Woods  Hole  Marine  Laboratories,  and  these  were  shipped  to  us 
on  Dry  Ice.  Brains  were  dissected  directly  from  the  frozen  specimens.  Hag- 
fish  and  amphioxus  were  purchased  live  from  Pacific  Bio-Marine  Lab.,  Inc., 
Venice,  CA.  These  species  were  frozen  on  Dry  Ice  before  dissection.  Brain, 
skin,  muscle  and  a  proximal  section  of  the  intestine  were  removed  from  all 
species. 

Methods.  Histamine,  histamine  methyltransferase,  and  histidine  decar- 
boxylase activity  were  measured  by  isotopic  microassays  as  described  in 
previous  publications  (see  Beaven,  M.A. ,  Wilcox,  G.,  and  Terpstra,  G.K. , 
Anal.  Biochem.  84:  638-641,  1978;  Shaff,  R.E.  and  Beaven,  M.A. ,  Anal.  Bio- 
chem.  94:  425-430,  1979). 

Major  Findings:  Histamine  Content  of  Brain  and  Peripheral  Tissues  of 
Various  Chordates.  The  brain  of  all  species  examined  contained  histamine. 
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In  mammalian  species,  the  histamine  content  varied  from  80-130  ng/g  of  whole 
brain.  In  lower  species,  the  histamine  content  varied  from  230  ng/g  to 
750  ng/g  (see  Table)  in  amphibia  and  fish  and  108  ng/g  in  hagfish  brain. 
Cerebral  spinal  fluid,  where  this  was  measured,  was  less  than  10  ng/g  fluid. 
In  contrast,  the  terminal  end  of  the  spinal  cord  of  the  hemichordate,  amphi- 
oxus,  contained  less  than  25  ng  histamine/g  tissue. 

As  reported  by  others,  peripheral  tissues  of  the  aquatic  species  con- 
tained little  histamine  (<  700  ng/g),  whereas  skin,  intestine  and  muscle  in 
the  mammalian  species  contained  high  but  variable  (between  1,000  and  30,000 
ng/g  tissue)  histamine  levels  (see  Table). 

Distribution  of  Histamine-Metabolizing  Enzyme  in  Vertebrate  Brain. 
Histidine  decarboxylase  activity,  although  low  in  whole  rat  brain,  was  pres- 
ent in  significant  amounts  in  the  hypothalamus.  The  activity  in  dogfish 
brain,  however,  was  too  low  to  permit  adequate  identification. 

Of  the  two  enzymes  responsible  for  histamine  inactivation,  histamine 
methyl  transferase  was  found  in  high  activity  in  brain  of  all  species.  Dia- 
mine oxidase  was  absent  in  brain  of  mammals  but  was  present  to  a  variable 
extent  in  brain  of  the  amphibian  and  fish  species.  None  of  these  enzyme 
activities  could  be  detected  in  the  spinal  cord  of  amphioxus. 

Distribution  of  Histamine  in  Dogfish  Brain.  Gross  dissection  of  two 
dogfish  brains  showed  that  the  highest  histamine  levels  were  in  the  midbrain 
(diencephalon)  and  were  highest  in  the  hypothalamus  (~  300  ng/g  tissue). 
Cerebellum,  medulla  and  the  rhombocephalon  contained  135,  195  and  179  ng/g 
tissue,  respectively,  and  the  cerebrum  (paleopal lium)  90  ng/g  tissue. 
Appreciable  quantities  (153  ng/g)  were  also  present  in  spinal  cord  but  only 
trace  amounts  (3  ng/g)  in  the  cranial  fluids. 

Washed  synaptosomes  prepared  from  the  midbrain  contained  60  ng  hist- 
amine/g of  original  brain  or  about  33%  of  the  original  histamine  content. 
Preliminary  studies  with  highly  labeled  ^H-mepyramine  indicate  selective 
binding  of  the  ligand  to  midbrain-neuronal  membranes,  a  possible  indication 
of  Hi  receptors  in  this  region. 

Conclusions  and  Significance  to  Biomedical  Research:  The  phylogenetic 
studies  of  Reite  (Physiol.  Rev.,  1972)  showed  that  histamine  is  localized  in 
stomach  of  all  species  with  a  well-defined  stomach  (i.e.,  cartilaginous 
fishes  and  higher  vertebrates)  and  in  mast  cells  in  animals  with  a  terres- 
trial habitat  (i.e.,  reptiles,  birds  and  mammals).  The  studies  reported 
here  are  the  first  evidence  of  histamine's  early  appearance  in  brain  during 
the  evolution  of  vertebrate  species.  The  low  histamine  content  of  amphi- 
oxus spinal  cord,  the  higher  content  in  hagfish  brain  and  spinal  cord,  and 
the  high  degree  of  localization  of  histamine  in  midbrain  structures  of  dog- 
fish suggest  that  histamine  is  associated  with  the  development  of  the  brain 
stem.  The  relatively  high  levels  of  histamine  in  whole  brain  of  nonmammal- 
ian  species  compared  to  those  in  brain  of  mammalian  species,  in  which  the 
cerebral  cortex  (neopallium)  and  cerebellum  account  for  most  of  the  brain 
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mass,  also  suggest  that  the  histaminergic  neurones  remain  restricted  to  the 
more  primitive  part  of  the  limbic  system.  The  recovery  of  histamine  in 
synaptosomes  of  dogfish  is  consistent  with  the  notion  that  histamine  is 
located  in  neurones. 

Other  conclusions  from  this  study  are  that  1)  histamine  methyl  transfer- 
ase has  a  major  role  in  the  inactivation  of  histamine  in  brain  throughout 
evolution  but  that  diamine  oxidase  may  be  an  additional  means  of  inactiva- 
tion in  lower  species  and  2)  histamine  levels  in  peripheral  tissues  (other 
than  the  G.I.  tract)  may  be  even  lower  than  those  reported  by  Reite  (gener- 
ally 100-2,000  ng/g),  who  used  a  less  specific  (fluorometric)  method  of 
assay. 

Proposed  Course:  This  will  include  future  measurements  of  histamine 
in  different  brain  regions  and  identification  of  the  location  of  histamine 
receptors  and  the  histamine-metabolizing  enzymes  (e.g.,  neurones,  choroid 
plexus,  blood  vessel  endothelial  cells,  etc.)  in  brain  of  different  species. 

Publications:  None. 
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1)  The  effect  of  L-carnitine  on  the  rate  of  oxidation  of  1-llC-palmitic  acid 
by  human  skin  fibroblasts  and  skeletal  muscle  cells  grown  in  culture  was  stud- 
ied. Incubation  of  cells  for  24  hr  with  0.5-10  mM  L-carnitine  increased  the 
rate  of  substrate  oxidation  to  CO2  by  up  to  50%  in  normal  fibroblasts  and  by  as 
much  as  100%  in  muscle  cells.  Fibroblasts  from  two  patients  with  systemic 
carnitine  deficiency  and  two  patients  with  adrenomyeloneuropathy  resgonded  to 
L-carnitine  in  a  manner  similar  to  control  fibroblasts.  Uptake  of  i'^c-carni- 
tine  by  skin  fibroblasts  from  the  two  patients  with  carnitine  deficiency  was 
not  lower  than  the  uptake  of  control  cells.  2)  A  study  of  metabolism  of  very 
long  chain  fatty  acids  in  human  cells  in  culture  was  initiated.  3)  It  was 
shown  that  dexamethasone  consistently  stimulates  oxidation  of  labeled  palmitic 
acid  in  fibroblasts.  41  Hybrid  cells  were  produced  by  fusion  of  mouse  myeloma 
and  spleen  lymphocytes  from  a  mouse  immunized  against  human  skin  fibroblasts 
with  the  aim  of  isolating  cells  secreting  antibodies  against  LDL  receptors. 
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Project  Description: 

Objectives  and  Background:  A  number  of  neuropathies  and  myopathies  are 
associated  with  pathological  accumulation  of  lipids  in  tissues,  including 
striated  muscle.  Furthermore,  certain  genetically  transmitted  abnormalities 
are  correlated  with  a  gross  elevation  of  fatty  acid  components  normally 
present  only  in  trace  amounts,  e.g.,  that  of  phytanic  acid  in  Ref sum's  syn- 
drome or  of  hexacosanoic  acid  in  adrenoleukodystrophy  and  adenomyeloneuropa- 
thy.  Errors  in  lipid  transport,  metabolism,  and/or  synthesis  are   either 
known  or  suspected  to  be  the  primary  causes  of  these  diseases.  The  biochem- 
ical error  associated  with  Refsum's  syndrome  had  been  completely  elucidated 
in  the  past,  mostly  through  the  efforts  of  investigators  in  this  laboratory, 
and  current  studies  using  skin  fibroblasts  and  striated  muscle  cells  main- 
tained in  vitro  are  based,  in  part,  on  the  experience  and  knowledge  gained 
in  the  course  of  these  investigations.  This  project  consisted  of  several 
parts,  each  aiming  to  study  a  specific  aspect  of  cholesterol  or  fatty  acid 
metabolism  in  human  fibroblasts  grown  in  culture.  The  following  studies 
have  been  made. 

1)  Fatty  acid  metabolism  in  cells  from  patients  with  carnitine  defi- 
ciency. It  has  been  observed  (Engel  and  Angelini,  Science  179:  899,  1973) 
that  skeletal  muscles  of  patients  with  carnitine  deficiency  accumulate  fat 
in  intracellular  droplets.  It  is  also  known  that  carnitine  is  a  cofactor 
in  mitochondrial  fatty  acid  oxidation,  and  its  deficiency  is  expected  to 
have  an  impact  on  their  transport  and  metabolism.  We  have,  therefore,  in- 
vestigated metabolism  of  fatty  acids  and  the  effect  of  carnitine  thereon  in 
normal  and  carnitine-deficient  cells.  The  clinical  research  as  well  as 
tissue  pathology  and  initiation  of  cell  cultures  is  being  carried  out  by 
scientists  at  NINCDS  with  whom  there  is  a  close  cooperation  in  this  study. 

2)  Metabolism  of  ^ery   long  chain  fatty  acids  (C-26)  in  normal  fibro- 
blasts and  in  those  derived  from  patients  with  adrenoleukodystrophy  and 
adrenomyeloneuropathy.  Increased  amounts  of  very   long  chain  fatty  acids 
were  found  in  tissues  of  patients  suffering  from  these  genetically  trans- 
mitted neuropathies.  It  is  not  known  whether  these  components  originate 
from  endogenous  or  exogenous  sources.  It  has  been  reported  that  accumula- 
tion of  very  long  chain  fatty  acids  is  observed  in  cultures  of  fibroblasts 
derived  from  patients  with  these  diseases  (Kawamura  et  ^. ,  Biochem.  Biophys. 
Res.  Commun.  82:  114-120,  1978).  The  study  of  metabolism,  endogenous  synthe- 
sis and  transport  of  C-26  fatty  acid  could  shed  some  light  on  the  role  of 
this  compound  in  normal  and  defective  cells.  This  study  is  being  done  in, co- 
operation with  scientists  of  Neonatal  and  Pediatric  Medicine  Branch  of  NICHHD. 

3)  Effects  of  steroids  on  fatty  acid  oxidation  in  fibroblasts.  This 
study  was  an  extension  of  the  one  reported  last  year  on  the  effect  of  ste- 
roids on  cholesterol  synthesis  and  esterification  (project  no.  ZOl  HLB 
00624-01  CM). 

4)  Attempts  to  prepare  monoclonal  mouse  antibodies  to  LDL  receptors  on 
human  fibroblasts.  Cells  that  produce  such  antibodies  could  be  grown  at  will 
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and  the  antibodies  used  for  assay  of  LDL  receptor  activity  in  human  tissues 
and  for  studies  of  the  biochemical  basis  of  abnormalities  in  such  activity. 

Methods  Employed:  Human  skin  fibroblasts  or  muscle  cells  derived  from 
control  subjects  or  patients  are  grown,  incubated,  and  their  oxidative 
activities  assayed  by  standard  methods.  Monoclonal  antibodies  to  LDL  recep- 
tors are  expected  to  be  produced  by  hybridomas  prepared  by  fusion  of  mouse 
myeloma  (P3X63  Ag8)  cells  with  spleen  lymphocytes  from  a  mouse  immunized 
with  human  skin  fibroblasts  with  elevated  LDL  receptor  activity.  Medium 
incubated  with  these  hybridomas  is  assayed  for  antibodies  against  LDL  recep- 
tors using  ^^Sj.p^otein-A  reaction  with  the  immune  complex. 

Major  Findings:  1)  It  was  shown  that  the  assay  of  the  rate  of  oxida- 
tion of  1-1'^C-palmitic  acid  is  accurate  and  reproducible  when  used  with  skin 
fibroblasts.  With  muscle  cell  cultures,  there  was  larger  variability  due  to 
some  variation  between  the  condition  of  the  replicates.  Overnight  incuba- 
tion of  confluent  cultures  of  skin  fibroblasts  with  a  medium  containing 
0.5-5  mM  L-carnitine  stimulated  the  rate  of  palmitic  acid  oxidation  by 
25-50%.  The  oxidation  was  stimulated  to  a  similar  extent  by  carnitine  in 
fibroblasts  derived  from  two  patients  with  adrenomyeloneuropathy  and  from 
two  patients  with  systemic  carnitine  deficiency.  In  contrast  to  the  L-iso- 
mer,  D-carinitine  was  not  active.  Dexamethasone,  which  by  itself  stimulates 
oxidation  of  labeled  palmitic  acid  in  fibroblasts,  increased  further  the 
rate  of  this  process  when  added  to  medium  containing  carnitine.  This  find- 
ing is  consistent  with  the  known  beneficial  effects  of  adrenal  cortico- 
steroids on  the  conditions  of  patients.  Human  skeletal  muscle  cells  grown 
in  culture  revealed  a  stimulation  by  5  mM  carnitine  of  oxidation  of  palmitic 
acid  by  as  much  as  100%.  Somewhat  smaller  effect  was  seen  in  rat  muscle 
cultures.  There  was  no  significant  difference  between  the  uptake  of  l^C- 
labeled  L-carnitine  by  normal  and  by  carnitine-deficient  fibroblasts. 

2)  A  program  of  study  of  metabolism  of  very  long  chain  fatty  acids 
was  initiated  in  cooperation  with  other  investigators.  A  fair  amount  of 
common  planning  and  consultation  has  been  carried  out.  Laboratory  work 
accomplished  in  our  laboratory  consisted  of  work  on  organic  synthesis  of 
l-l^c-hexacosanoic  acid  to  be  subsequently  used  in  metabolic  studies. 

3)  The  oxidation  of  1-1'^C-palmitic  acid  was  increased  30-55%  in  fibro- 
blasts previously  incubated  for  24  hr  with  dexamethasone  (0.1  to  50  uM). 
Progesterone  and  ethinyl  estradiol  did  not  affect  the  rate  of  fatty  acid 
oxidation. 

4)  Immune  serum  of  a  yery   high  titer  was  produced  in  a  mouse  injected 
repeatedly  with  fibroblasts  incubated  with  1 ipid-depeleted  serum  and  treated 
with  glutaraldehyde.  A  number  of  hybridoma  lines  were  obtained  after  fusion 
of  immune  mouse  lymphocytes  with  myeloma  cells. 

Significance  to  Biomedical  Research:  The  study  of  diseases  exhibiting 
abnormalities  in  fatty  acid  metabolism  may  lead  to  better  understanding  of 
their  etiology.  The  study  of  LDl  receptors  is  centrally  important  to  the 
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metabolism  and  turnover  rates  of  low  density  lipoproteins.  Study  of  the 
effects  of  corticoids  on  fatty  acid  oxidation  should  increase  understanding 
of  basic  mechanisms  and  of  therapeutic  approaches  in  diseases  of  abnormal 
lipid  metabolism. 

Proposed  Course:  1)  It  is  being  planned  to  study  the  effect  of  car- 
nitine on  uptake,  distribution  and  storage  of  exogenous  lipids  in  fibroblasts 
and  muscle  cells  from  patients  with  carnitine  deficiency  and  from  normal  con- 
trols. 

2)  Studies  of  C-26  fatty  acid  uptake  and  metabolism  in  normal  and 
adrenoleukodystrophy  cells  will  be  undertaken. 

3)  The  extent  and  specificity  of  the  glucocorticoid  effect  on  fatty 
acid  oxidation  in  fibroblasts  should  be  established. 

4)  More  preparative  work  remains  to  be  done  in  order  to  grow  cells 
producing  antibodies  against  LDL  receptors. 

Publications:  Kruth,  H.S.,  Avigan,  J.,  Gamble,  W. ,  and  Vaughan,  M. :  Effect 
of  cell  density  on  binding  and  uptake  of  low  density  lipopro- 
tein by  human  fibroblasts.  J.  Cell  Biol.  83:  588-594,  1979. 

Kruth,  H.S.  and  Vaughan,  M.:  Quantification  of  low  density 
lipoprotein  binding  and  cholesterol  accumulation  by  single 
human  fibroblasts  using  fluorescence  microscopy.  J.  Lipid 
Res.  21:  123-130,  1980. 
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Annual  Report  of 

Laboratory  of  Chemical  Pharmacology 

National  Heart,  Lung,  and  Blood  Institute 

October  1,  1979  to  September  30,  1980 

In  the  past  this  Laboratory  has  discovered  that  several  drugs  and  other 
foreign  compounds  cause  tissue  lesions,  such  as  liver  and  lung  necrosis, 
through  the  formation  of  chemically  reactive  metabolites.  Among  these 
compounds  are  halogenated  benzenes,  phenacetin,  acetaminophen,  isoniazid, 
iproniazid  and  furosemide.   In  some  instances,  however,  the  initial  chemi- 
cally reactive  metabolite  causes  toxicities  indirectly  through  the  formation 
of  other  metabolites.  For  example,  we  now  believe  that  some  of  the  mutagenic 
effects  of  2-acetylamlnofluorene-N-sulfate  are  caused  by  a  2-acetylamino- 
fluorene  free  radical,  which  is  derived  from  the  nitrenium  ion  formed  from 
the  sulfate  derivative.  Moreover,  the  kidney  toxicity  caused  by  fluorinated 
anesthetic  gases  probably  occurs  through  the  formation  of  unstable  intermedi- 
ates that  decompose  to  fluoride  ion,  the  directly  acting  nephrotoxic  metabo- 
lite. Chemically  reactive  metabolites,  however,  have  been  difficult  to 
identify,  owing  to  their  chemical  instability.   Consequently,  most  of  our 
knowledge  concerning  their  identity  is  based  on  indirect  evidence.  During 
the  past  years,  a  major  objective  of  this  Laboratory  has  been  to  study  the 
mechanisms  by  which  chemically  reactive  metabolites  are  formed  and  eliminated 
in  tissues  and  to  elucidate  basic  pharmacokinetic  parameters  of  parent  sub- 
stances and  their  metabolites  that  may  affect  the  Incidence  and  severity  of 
the  toxicities. 

Chemically  Reactive  Metabolites 

Pathways  of  phenacetin  and  acetaminophen  activation.   In  the  past  our  Labora- 
tory has  shown  that  the  liver  necrosis  occurring  after  large  doses  of  these 
analgesic  drugs  is  mediated  by  chemically  reactive  metabolites.  However, 
phenacetin  and  acetaminophen  may  be  converted  to  chemically  reactive  metabo- 
lites by  several  pathways:  1)  Phenacetin  is  converted  to  phenacetin-3,4- 
epoxide,  which  spontaneously  loses  its  ethyl  group  and  reacts  with  glutathione. 
2)  Phenacetin  is  oxidized  to  N-hydroxyphenacetin,  which  in  turn  may  be  convert- 
ed to  several  more  active  chemically  reactive  metabolites  by  several  pathways: 
a)  N-Hydroxyphenactin  may  be  converted  to  phenacetin-N-sulfate  or  phenacetin- 
NO-glucuronide,  both  of  which  decompose  to  chemically  reactive  metabolites 
and  b)  N-hydroxyphenacetin  is  oxidatively  0-dealkylated  to  N-hydroxyacetamio- 
phen,  which  spontaneously  dehydrates  to  N-acetylimidoquinone,  a  well-known 
arylating  agent.   Details  of  these  mechanisms  have  been  discussed  in  previous 
annual  reports. 

In  mammals,  phenacetin  is  metabolized  mainly  to  acetaminophen  a  small  propor- 
tion of  which  is  converted  to  a  toxic,  chemically  reactive  metabolite.  Al- 
though we  know  that  the  toxic  metabolite  is  rather  short-lived  and  rapidly 
reacts  with  glutathione  to  form  an  acetaminophen-glutathione  conjugate,  the 
mechanism  of  its  formation  remains  obscure.  Last  year  we  reported  evidence 
that  the  reactive  metabolite  of  acetaminophen  is  not  derived  from  either  N- 
hydroxyacetaminophen  or  acetaminophen-2,3-epoxide.  During  the  past  year  we 
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have  considered  the  possibility  that  the  chemically  reactive  metabolite  Is 
either  N-acetyllmldoqulnone  or  N-acetylsemiimldoqulnone,  formed  directly 
from  acetaminophen,  perhaps  by  a  peroxldase-llke  mechanism  of  cytochrome 
P-450.   In  support  of  this  view,  the  covalent  binding  of  ring-labeled 
acetaminophen  in  liver  microsomal  preparations,  equalled  the  sum  of  the 
covalent  binding  of  acetyl-labeled  acetaminophen  and  the  formation  of 
acetamide  which  suggests  the  formation  of  N-acetylimldoqulnone,  a  part  of 
which  becomes  covalently  bound  to  protein  and  a  part  of  which  undergoes 
hydrolysis  to  acetamide  and  quinone  which  also  becomes  covalently  bound. 
Moreover,  both  the  formation  of  acetamide  and  the  covalent  binding  of  the 
reactive  metabolite  of  acetaminophen  were  blocked  by  the  addition  of  ascorbic 
acid  or  a  combination  of  glutathione  and  the  soluble  fraction  containing 
glutathione  transferases. 

Several  years  ago  we  observed  that  the  total  amount  of  chemically  reac- 
tive metabolite  trapped  as  covalently  bound  material  and  the  glutathione 
conjugate  increased  as  the  concentration  of  glutathione  was  increased.   It 
now  seems  likely  that  liver  microsomes  and  NADPH  not  only  convert  acetamino- 
phen to  the  chemically  reactive  metabolite  but  also  reduce  it  back  to  acet- 
aminophen|ln  this  mechanism  glutathione  would  react  with  the  reactive  metabo- 
lite and  thereby  increase  the  amount  of  trapped  metabolite  but  decrease  the 
amount  reduced  back  to  acetaminophen.  In  accord  with  this  view,  glutathione 
decreases  rather  than  increases  acetaminophen-dependent  NADPH  oxidation  by 
liver  microsomes. 

We  have  also  demonstrated  that  a  chemically  reactive  metabolite  can  be 
formed  from  acetaminophen  by  horseradish  peroxidase  and  hydrogen  peroxide. 
Moreover,  acetaminophen  almost  instantaneously  destroys  complex  II,  the  free 
radical  intermediate  of  the  horseradish  peroxldase-H202  system.  Although 
these  findings  indicate  that  acetaminophen  can  be  oxidized  by  a  series  of 
one  electron  oxidation  steps,  we  were  unable  to  demonstrate  a  complex  II 
with  cytochrome  P-450  in  the  presence  of  either  NADPH  or  cumene  hydroper- 
oxide.  Thus  the  peroxidase  mechanism  remains  doubtful. 

Metabolism  of  halogenated  alkanes  and  alkyl  ethers.  Rat  liver  microsomes 
convert  deuterated  chloroform  (CDCI3)  to  phosgene  about  50%  as  rapidly 
as  they  convert  chloroform  (CHCI3)  to  phosgene.  During  the  past  year  we 
have  used  the  isotope  effect  to  study  the  cytochrome  P-450  dependent  metabo- 
lism of  halogenated  alkyl  ethers  used  as  anesthetic  gases.  For  this  purpose 
we  devised  a  method  for  the  synthesis  of  the  three  deuterated  forms  of  en- 
flurane,  namely  1)  CDF2OCF2CHCIF,  2)  CDF2OCF2CDCIF  and  3)  CHF2OCF2CDCIF. 
With  these  forms  we  were  able  to  show  that  rat  liver  microsomes  catalyze  the 
release  of  fluoride  ion  almost  exclusively  from  the  CHCIF  group  of  enflurane; 
the  release  of  fluoride  from  forms  3  and  4  occurred  about  25-30%  as  rapidly 
as  from  enflurane  and  form  1.  Moreover,  we  were  able  to  prove  that  rat 
liver  microsomes  convert  enflurane  almost  exclusively  to  dif luoromethoxydl- 
fluoroacetic  acid  (CHF2OCF2CO2H);  there  was  no  evidence  for  the  formation 
of  chlorofluoroacetic  acid,  a  substance  that  should  have  been  formed  if 
enflurane  were  hydroxylated  at  the  CHF2  group.   By  contrast,  rat  liver 
microsomes  also  catalyze  the  slow  release  of  fluoride  ions  from  isofluorane 
(CHF2OCHCICF3)  but  not  from  either  CHF2OCCI2CF3  or  CHF20CF2CFC12.   These 
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findings  suggest  that  Isofluorane  is  first  converted  to  CHF20C(0H)  CICF3, 
which  would  decompose  spontaneously  to  formic  acid,  trif luoroacetic  acid, 
fluoride  and  chloride  ions. 

In  confirmation  of  Rice  et  al. ,  treatment  of  rats  with  isoniazid  or  hydra- 
azine  markedly  increases  the  rate  of  metabolism  of  enflurane  by  liver 
microsomes.   Indeed  the  rate  of  fluoride  release  from  enflurane  by  liver 
microsomes  from  rats  pretreated  with  isoniazid  can  be  as  much  as  10-fold 
greater  than  the  release  by  liver  microsomes  from  rats  pretreated  with  pheno- 
barbital.   The  mechanism  for  the  increase  in  the  activity  of  the  cytochrome 
P-450  that  catalyzes  the  oxidative  dehalogenation  of  enflurane,  however,  is 
unusual;  pretreatment  of  rats  with  isoniazid  does  not  cause  an  increase  in 
the  total  amount  of  cytochrome  P-450  in  liver  microsomes,  nor  does  it  cause 
any  obvious  change  in  the  relative  amounts  of  the  various  forms  of  cytochrome 
P-450  as  determined  by  polyacrylamide  gel  electrophoresis.  Moreover,  the 
reconstitution  of  purified  cytochrome  P-450  systems  of  liver  microsomes  from 
isoniazid  pretreated  rats  result  in  the  same  activity  as  that  from  control 
rats.  Thus,  the  mechanism  of  "induction"  caused  by  isoniazid  is  obscure. 

Studies  with  3  patients  undergoing  enflurane  anesthesia  have  revealed  the 
presence  of  difluoromethoxydif luoroacetic  acid  (90-470  jimoles)  but  not  of 
chlorof luoroacetic  acid  in  urines  collected  for  15-24  hrs  after  anesthesia. 
Thus,  the  major  pathway  of  enflurane  metabolism  in  rats  and  humans  is  the 
same.  Although  the  amount  of  fluoride  formed  from  enflurane  ordinarily  is 
not  sufficient  to  cause  kidney  damage,  it  is  possible  that  patients  receiv- 
ing "inducers"  such  as  isoniazid,  may  be  at  risk  when  subjected  to  prolonged 
anesthesia. 

In  rats  pretreated  with  phenobarbital,  CHCI3  decreases  the  concentration 
of  glutathione  in  liver.   Studies  during  the  past  year  have  shown  that 
the  concentration  of  glutathione  in  liver  of  rats  pretreated  with  phenobarbi- 
tal is  also  decreased  by  the  administration  of  trichlorobromome thane,  bromo- 
form  and  carbon  tetrachloride,  the  relative  potencies  being  CHCI3  >  CBrCl3  > 
CHBr3  =  CCI4.   Moreover,  all  four  compounds  were  converted  to  a  biliary 
metabolite  subsequently  identified  by  nuclear  magnetic  resonance  spectroscopy 
as  GS-CO-SG.  These  results  indicate  that  the  decrease  in  glutathione  in  the 
liver  is  probably  due  to  phosgene  formed  from  all  four  compounds .  The  hepa- 
totoxocity  of  CCI4  and  CBrCl3  cannot  be  due  solely  to  phosgene,  however, 
because  these  substances  are  more  toxic  than  either  CHCI3  or  CHBr3. 

Chloramphenicol  metabolism.   Chloramphenicol  undergoes  several  unusual  meta- 
bolic transformations  in  the  liver.   For  example,  in  the  presence  of  gluta- 
thione the  soluble  fraction  of  liver  converts  chloramphenicol  to  two  metabo- 
lites, one  of  which  is  chloramphenicol  aldehyde  and  the  other  of  which  is  a 
chloramphenicol  oxamyl  derivative.  During  the  past  year,  we  have  demonstrated 
that  chloramphenicol  is  converted  to  the  aldehyde  by  only  one  of  the  gluta- 
thione transferases  isolated  by  Jakoby,  namely  enzyme  A.  This  enzyme  also 
catalyzes  the  dechlorination  of  thiamphenicol  (the  methyl  sulfonyl  analog  of 
chloramphenicol)  but  does  not  catalyze  the  dehalogenation  of  halothane  or 
enflurane.   In  turn  chloramphenicol  aldehyde  is  oxidized  by  another  enzyme 
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In  the  soluble  fraction  that  requires  NAD  or  NADP. 

Several  years  ago  we  found  that  liver  microsomes  in  the  presence  of  NADPH 
and  oxygen  converted  chloramphenicol  to  chloramphenicol  oxamic  acid,  presum- 
ably through  the  formation  of  a  hydroxydichloromethyl  group.  We  now  have 
found  that  under  aerobic  conditions  liver  microsomes  convert  chloramphenicol 
to  5  other  minor  metabolites,  one  of  which  is  p-nitrobenzyl  alcohol;  the 
ability  of  cytochrome  P-450  to  catalyze  this  kind  of  cleavage  has  never 
been  before  shown.  Moreover,  under  anaerobic  conditions  liver  microsomes 
convert  chloramphenicol  to  its  monochloro  analog,  presumably  by  a  reductive 
dechlorination  reaction  analogous  to  the  conversion  of  carbon  tetrachloride 
to  chloroform. 

The  finding  that  the  aplastic  anemia  caused  by  chloramphenicol  in  cattle 
could  not  be  entirely  prevented  by  the  administration  of  a  vitamin  B  com- 
plex raised  the  possibility  that  the  aplastic  anemia  occurring  in  the  cattle 
receiving  the  vitamin  supplement  might  be  due  to  one  of  the  nitro  reduction 
metabolites  of  chloramphenicol  formed  by  bacteria  in  the  rumen.   However, 
the  nitroso  analogue  of  chloramphenicol  failed  to  cause  aplastic  anemia 
either  in  cattle  or  in  rats.  These  findings  probably  also  preclude  the 
possibility  that  the  aplastic  anemia  is  caused  by  the  hydroxylamine  analogue, 
because  xanthine  oxidase,  ubiquitous  enzyme  in  mammals,  rapidly  reduces 
the  nitroso  compound  to  its  hydroxylamine  metabolite. 

Pharmacokinetics  of  drugs  and  their  metabolites.  Since  many  substances 
exert  pharmacologic  and  toxicologic  actions  through  the  formation  of 
their  metabolites,  it  is  important  to  understand  the  basic  concepts  of  the 
pharmacokinetics  of  metabolite  formation  and  elimination  by  first  order 
mechanisms  and  to  evaluate  how  various  factors  can  alter  their  pharmacokinetic 
parameters.   For  example,  pharmacokinetic  equations  predict  that  when  a  drug 
is  eliminated  from  the  body  by  first  order  systems  in  a  single  organ,  the 
area  under  the  curve  (AUG)  of  the  plasma  concentration  of  a  metabolite  of 
the  drug  will  be  independent  of  the  route  of  administration  of  the  drug. 
Thus  the  finding  that  the  AUG  of  a  metabolite  differs  with  the  route  of 
administration  suggests  either  that  the  drug  is  eliminated  from  the  body  by 
two  or  more  organs  or  that  one  or  more  mechanisms  of  elimination  of  the  drug 
in  an  organ  does  not  follow  first  order  kinetics.   Thus  the  determination 
of  the  AUG  of  a  drug  metabolite  after  different  routes  of  metabolism  is 
useful  in  alerting  investigators  to  the  occurrence  of  unusual  pharmacokinetic 
mechanisms. 

Simultaneous  elimination  by  liver  and  kidney.  As  pointed  out  last  year, 
when  a  drug  is  eliminated  by  both  the  kidney  and  the  liver  the  ratio  of 
the  AUG  values  of  a  metabolite  formed  solely  by  the  liver  after  a  given  dose 
is  administered  orally  and  intravenously  should  be  (1  +  Glj^/Qjj);  where 
GIr  is  the  renal  clearance  and  Qy  is  the  total  blood  flow  rate  through  the 
liver.   To  demonstrate  this  relationship  we  studied  the  biliary  excretion  of 
radiolabeled  p-aminohippurate  under  steady  state  conditions  during  the  simul- 
taneous infusion  of  ^^G-PAH  intraportally  and  ^h-pah  intravenously  into 
rats.   The  ratio  l^G/^H  excreted  into  bile  under  steady-state  conditions 
in  various  rats  ranged  from  1.20-1.56.   By  measuring  the  renal  clearance  of 
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PAH,  we  were  then  able  to  calculate  that  the  hepatic  blood  flow  rate  in  the 
animals  ranged  from  40-80  ml/kg/min.   The  principle  illustrated  in  these 
studies  may  be  used  to  develop  relatively  simple  methods  for  evaluating 
changes  in  hepatic  blood  flow  rates  which  occur  in  diseases  such  as  cirrhosis, 
or  with  cardiovascular  drugs.  For  this  purpose,  we  are  searching  for  a  drug 
that  is  eliminated  from  the  body  solely  by  conversion  to  metabolite  I,  which 
in  turn  is  both  rapidly  excreted  by  the  kidney  and  metabolized  to  metabolite 
II  in  the  liver. 

Pharmacokinetics  of  the  metabolites  of  tricyclic  antidepressants.   Both 
amitriptyline  and  imipramine  are  converted  to  hydroxylated  N-demethylated 
metabolites  either  by  N-demethylation  followed  by  hydroxylation  or  by  hydroxy- 
lation  followed  by  N-demethylation.   In  collaboration  with  the  Karollnska 
Institute  in  Stockholm,  Sweden,  we  discovered  that  the  N-demethylation  metabo- 
lite nortriptyline  (NT)  appears  in  blood  of  patients  receiving  amitriptyline 
orally  but  not  after  receiving  the  drug  intramuscularly.   Since  the  AUG 
values  of  NT  should  have  been  the  same  after  the  two  routes  of  administration 
if  the  drug  were  metabolized  solely  by  the  liver  by  first  order  reactions, 
it  became  evident  that  the  pharmacokinetics  of  amitriptyline  is  unusual  in 
patients.  During  the  past  year  studies  were  undertaken  to  determine:   1) 
whether  a  similar  effect  occurs  with  imipramine,  which  is  being  studied  by 
W.Z.  Potter,  NIMH  and  2)  whether  the  rat  might  serve  as  a  suitable  animal 
model  for  studying  and  differences  in  imipramine  metabolism  found  in  humans. 

In  an  attempt  to  assess  the  effects  of  high  drug  concentrations  in  the 
portal  vein  that  presumably  occur  during  the  absorption  of  orally  admin- 
istered drugs  on  the  pattern  of  imipramine  metabolism,  tracer  doses  of 
radiolabeled  imipramine  were  administered  intramuscularly  to  two  groups  of 
rats  and  a  large  dose  of  unlabeled  imipramine  was  administered  orally  to 
one  of  the  groups.   Strangely,  however,  the  amount  of  radiolabeled  material 
excreted  as  the  hydroxy-N-desmethylimipramine  was  greater  and  the  amount 
excreted  as  the  N-desmethylimipramine  was  smaller  in  the  group  of  rats 
given  the  oral  dose  of  unlabeled  imipramine  than  in  the  group  that  didn't. 
Thus,  the  clearance  of  N-desmethylimipramine  appeared  to  be  smaller  after 
low  doses  of  imipramine  than  after  high  doses  of  the  drug.   In  vitro  studies 
revealed  that  at  low  concentrations  desmethylimipramine  leads  to  the  formation 
of  an  inactive  complex  of  cytochrome  P-450.  Moreover,  the  formation  of  the 
complex  does  not  occur  with  high  concentrations  of  N-desmethylimipramine 
and  is  blocked  by  imipramine.   Under  these  conditions,  the  clearance  of 
desmethylimipramine  would  appear  to  be  smaller  after  small  doses  than  after 
large  doses  of  imipramine. 

Pharmacokinetics  of  cephaloridine  excretion.   The  renal  clearances  of  cepha- 
loridine  and  cephapirin  in  humans  decrease  as  their  concentrations  in  blood 
decrease,  suggesting  the  presence  of  an  active  transport  system  in  kidney 
tubules  that  mediates  the  reabsorption  of  the  drugs  (Arvidsson  et  al^.  Clin. 
Pharmacol. Ther.  25:870,1979).   In  attempting  to  determine  the  normal  role 
of  the  reabsorption  transport  system,  we  discovered  that  cephaloridine  in 
rats  increases  the  clearance  of  uric  acid.   Whether  cephaloridine  also  acts 
as  an  uricosuric  drug  in  humans  remains  to  be  determined. 
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Stereospeclf ic  metabolism  of  oxyprenolol.   Since  this  p-adrenerglc  blocking 
agent  contains  an  asymmetric  carbon,  It  exists  as  R^  and  S^  forms  which  may  be 
metabolized  at  different  rates  by  cytochrome  P-450  enzjrmes  by  liver  micro- 
somes.  Studies  during  the  past  year  have  revealed  that  there  are  marked 
species  differences  In  the  relative  rates  the  R  and  S^  forms  are  metabolized 
by  liver  microsomes  by  the  major  reactions,  namely  0-dealkylatlon,  N-dealky- 
latlon  and  ring  hydroxylatlon.   Presumably  these  species  differences  are  due 
to  differences  In  the  substrate  specificity  and  position  specificity  of  the 
cytochome  P-450  enzymes  In  liver  microsomes. 

Mechanisms  of  Toxicity  and  Drug  Action 

Effects  of  Ca"'~'"-lnduced  toxicity.   Although  It  Is  well  established  that 
CCI4  causes  liver  necrosis  through  the  formation  of  chemically  reactive 
metabolite,  the  mechanism  In  which  the  toxic  metabolite  causes  cellular 
death  Is  not  clearly  established.   During  the  past  year,  we  found  that  calc- 
ium and  the  lonophore  A  23187  does  not  alter  the  formation  of  the  chemically 
reactive  metabolite  by  isolated  hepatocytes  as  measured  by  covalent  binding 
of  the  toxic  metabolite.   Nevertheless,  we  find  the  presence  of  3.6  mM 
Ca   markedly  potentiates  the  toxicity  of  CCIa  as  determined  by  a  series 
of  criteria.  Including  the  release  of  lactic  acid  dehydrogenase  and  the 
formation  of  "blebs"  as  revealed  by  scanning  electron  microscopy.   Thus 
Ca"*^  provides  a  tool  to  help  us  elucidate  the  critical  events  that  lead 
to  cellular  damage.   Whether  the  effects  of  Ca"*^  on  cellular  damage  caused 
by  other  toxicants  remains  to  be  determined. 

Analogs  of  anacardic  acid  as  inhibitors  of  prostacyclin  synthesis.   Anacardic 
acid  isolated  from  cashew  nuts  comprises  a  group  of  sallcycllc  acid  ana- 
louges  containing  C^^   aliphatic  side  chains  having  various  numbers  of  double 
bonds.   During  the  past  year  we  found  that  only  the  analogs  containing  2  or 
3  double  bonds  could  inhibit  prostacyclin  synthesis  in  human  platelets  and 
thereby  inhibit  platelet  aggregation  or  could  serve  as  mollusicldes.   The 
triene  was  about  twice  as  active  as  the  diene.   Perhaps  even  more  potent  ana- 
logues may  be  developed  by  altering  the  structure  of  these  substances. 

SAR  of  several  analogs  of  prostacyclin.   The  potency  of  prostacyclin  in 
preventing  platelet  aggregation  is  not  changed  by  lengthening  the  side 
chain  to  form  20-methyl  prostacyclin  but  is  almost  abolished  by  shortening 
it  to  20-normethyl  prostacyclin.   However,  the  introduction  of  an  acetylenic 
group  into  20-methyl  prostacyclin  to  form  to  20-methyl  (13,14-didehydro) 
prostacyclin  Increases  the  potency  of  prostacyclin.  Introduction  of  a  methyl 
group  at  the  C-16  position  decreased  the  potency  and  replacement  of  the 
oxygen  by  a  methylene  group  abolished  the  activity.   Similar  effects  were 
obtained  when  PGI2  activity  was  tested  on  platelet  membrane  adenyl  cyclase. 

Antibodies  against  guanylate  cyclase.   In  order  to  determine  in  localization 
of  this  enzyme  in  various  tissues  we  have  prepared  antibodies  against   the 
enzyme  isolated  from  sea  urchins  in  both  mice  and  rabbits.   We  are  now 
attempting  to  form  monoclonal  antibodies  by  hybrldoma  techniques. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  method  for  the  quantification  of  imipramine  and  its  metabolites  has 
been  developed  using  HPLC.   Utilizing  this  assay  we  studied  the  kinetics 
of  imipramine  metabolism  in  rats  and  in  rat  liver  microsomes.   The  in 
vivo  studies  suggested  that  the  conversion  of  desimipramlne  to  hydroxy 
desimipramine  after  intramuscularly  administered  ^H-imipramine  occurs 
more  rapidly  when  oral  unlabeled  imipramine  is  also  administered  than 
when  it  is  not.   Studies  with  rat  liver  microsomes  suggest  that  low 
doses  of  imipramine  lead  to  an  inactive  cytochrome  P-450  complex  that 
is  not  formed  when  large  doses  of  imipramine  are  administered. 
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Project  Description: 


Objectives;   After  the  oral  administration  of  amitriptyllne  in 
man  a  major  fraction  of  that  drug  is  demethylated  to  nortriptyline 
while  after  intramuscular  administration  the  concentration  of  this 
metabolite  in  plasma  was  below  the  limit  of  detection.   These  findings 
suggest  that  during  oral  administration  of  amitriptyllne  the  con- 
centration of  the  drug  reaches  high  enough  concentrations  to  saturate 
the  enzyme  that  catalyzes  the  hydroxylation  of  the  drug  and  its  de- 
methylated metabolite  nortriptyline. 

The  purpose  of  the  present  study  was  to  determine  whether  a  similar 
kind  of  mechanism  occurs  during  the  metabolism  of  imipramine  in  rats. 

Methods  Employed;   It  was  necessary  to  develop  a  sensitive  and 
specific  assay  for  imipramine  and  its  metabolites  in  biological  samples. 
The  method  depends  on  extraction  of  the  samples  with  hexane  followed 
by  high  pressure  liquid  chromatography  and  fluorometric  detection. 
This  method  permits  quantification  of  imipramine  and  its  metabolites 
down  to  the  1  ng/ml  level. 

The  kinetics  of  C-hydroxylations  and  N-demethylation  of  imipramine 
and  of  the  C-hydroxylation  of  desipramine  were  studied  in  rat  liver 
microsomes.   The  binding  of  imipramine  and  desipramine  to  cytochrome 
P-450  was  studied  spectrophotometrically.   The  effects  of  an  oral  dose 
of  imipramine  on  the  fate  of  an  intramuscular  tracer  dose  of  ■'H-imipramine 
was  investigated. 

Major  Findings:   The  oral  administration  of  unlabeled  imipramine  to 
rats  receiving  a  tracer  dose  of  %-imipramine  intramuscularly  did  not 
appreciably  affect  the  excretion  of  radiolabeled  imipramine  or  hydroxy 
imipramine,  when  compared  with  the  excretion  of  these  substances  by  rats 
receiving  a  tracer  dose  of  -^H-imipramine  intramuscularly  alone.   Instead, 
it  decreased  the  excretion  of  desipramine  and  increased  the  excretion 
of  hydroxy  desipramine.   Thus,  the  oral  dose  appeared  to  enhance  the 
conversion  of  desipramine  to  hydroxy  desipramine  in  rats. 

The  kinetics  of  imipramine  metabolism  by  liver  microsomes  would  not 
have  predicted  the  in  vivo  results.   The  K^'s  for  the  hydroxylation  and 
demethylation  of  imipramine  by  rat  liver  microsomes  were  7.4  joM  and 
28.0  uM,  respectively,  the  maximum  velocity  of  the  reactions  being  1.64 
nmol/mg/min  and  5.5  nmol/mg/min.   Desipramine  was  shown  to  be  a  competitive 
inhibitor  of  imipramine  hydroxylation.   The  parameters  for  desipramine 
hydroxylation  were  K^,  10.8  uM,  Vj^^  ^'^^   nmol/mg/min.   Hydroxy  imipramine 
was  also  shown  to  be  further  metabolized  to  hydroxy  desipramine  as  de- 
termined by  the  Nash  assay  with  a  K^  7.2  uM  and  ^^^x   ^-O  nm/mg/min. 
Higher  concentrations  of  microsomes  were  found  to  give  an  increase  in  the 
apparent  K^  values  for  both  imipramine  hydroxylation  and  demethylation. 
This  decrease  in  specific  activity  could  be  caused  by  binding  of  the  drug 
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to  nonspecific  sites  on  microsomes. 

Binding  studies  with  Imlpramlne  and  deslpramlne  revealed  that  they 
both  elicit  type  I  binding  spectra  and  that  they  have  Identical  binding 
constants  (2aiM).   Studies  also  Indicate  the  formation  of  an  Inactive 
cytochrome  P-450  complex  when  NADPH  Is  added  to  the  sample  cuvette  In 
the  presence  of  substrate  K^  concentrations  of  deslpramlne.   However, 
the  complex  does  not  not  form  In  the  presence  of  large  concentrations 
of  deslpramlne  and  Imlpramlne.   The  data  are  thus  consistent  with  the 
view  that  the  Inactive  complex  is  formed  during  the  metabolism  of  tracer 
doses  of  %-lmlpramlne  but  not  after  large  oral  doses  of  unlabeled  drug. 


Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
The  extent  of  demethylatlon  of  Imlpramlne  may  be  clinically  Important 
since  the  metabolite  formed  Is  pharmacologicaly  active.   It  Is,  there- 
fore. Important  to  recognize  any  route  related  differences  In  the  for- 
mation of  this  metabolite  and  to  elucidate  the  mechanisms  responsible. 

Proposed  Course  of  Project;   We  have  shown  that  Isolated  rat  liver 
hepatocytes  can  metabolize  Imlpramlne  to  its  two  major  metabolites 
extensively.   We  Intend  to  compare  the  kinetics  of  Imlpramlne  metabo- 
lism in  Isolated  hepatocytes  and  liver  microsomes. 

In  view  of  the  apparently  considerable  enterohepatlc  circulation  of 
Imlpramlne  metabolites  we  Intend  to  study  imlpramlne  metabolism  in 
bile-cannulated  rats  utilizing  different  oral  doses. 

The  deslpramlne/cytochrome  P-450  complex  is  to  be  investigated 
further. 

Publications;   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  role  of  chloramphenicol's  reductive  metabolism  in  chloramphenicol- 
induced  aplastic  anemia  is  being  studied.   In  vitro  studies  of  chlor- 
amphenicol was  shown  to  be  reduced  to  amine  by  rat  cecum  contents. 
However,  xanthine  oxidase  failed  to  reduce  chloramphenicol  however,  it 
converted  nitroso  chloramphenicol  to  N-hydroxy  chloramphenicol  indicating 
different  enzyme  systems  for  the  reduction  for  chloramphenicol.   In  in  vivo 
studies  nitroso  chloramphenicol  failed  to  produce  aplastic  anemia  in  mice  at 
doses  up  to  40  mg/kg  i.p. 
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Project  Description: 

Objectives;   The  main  objective  of  this  study  Is  to  elucidate  the 
mechanism  by  which  chloramphenicol  Induces  aplastic  anemia.  Thlamphenlcol 
an  analog  of  chloramphenicol  without  the  aromatic  nltro  group  has  not  been 
reported  to  cause  aplastic  anemia.  It,  therefore,  has  been  suggested  that 
chloramphenicol's  toxicity  Is  through  its  reductive  metabolism  of  the 
aromatic  nitro  group.  The  initial  objectives  of  this  work  are  to  character- 
ize various  routes  of  reduction  of  chloramphenicol  and  the  identification  of 
intermediate  metabolites.  These  metabolites  will  be  tested  for  their 
ability  to  produce  aplastic  anemia  in  mice  as  well  as  bovine  since  we  have 
shown  earlier  that  chloramphenicol  induces  aplastic  anemia  when  administered 
orally  in  Holstein  calves. 

Methods  Employed;   Nltroso  chloramphenicol  and  N-hydroxy  chloramphenicol 
were  synthesized  according  to  published  procedures.  Chloramphenicol  amine 
was  synthesized  by  coupling  the  reduced  chloramphenicol  base  with  methyl 
dlchloroacetate . 

Enzymatic  reduction  of  -^^C-chloramphenicol  and  ^^C-nitroso  chloramphen- 
icol were  followed  using  either  rat  cecum  contents  or  purified  xanthine 
oxidase.  Enzjnne  reactions  were  carried  out  under  a  nitrogen  atmosphere. 
Products  were  separated  by  thin  layer  chromatography  and  quantltated  by 
liquid  scintillation  counting.  The  enzyme  reduction  of  nitroso  chloramphen- 
icol was  also  monitored  by  spectrophotometry. 

Mice  and  calves  were  Injected  daily  with  nitroso  chloramphenicol  for  10 
days  and  were  followed  for  6  week  after  the  final  injection-  Once  or  twice 
a  week  blood  samples  were  analyzed  for  red  and  white  blood  cell  and  hema- 
globin  content.  At  the  end  of  the  test  period  the  animals  were  sacrificed 
and  various  tissues  Including  bone  marrow  were  taken  for  histopathological 
examination  after  fixation  and  staining. 

Major  Findings;   Chloramphenicol  as  expected  was  readily  reduced  by  rat 
cecum  contents.  Xanthine  oxidase  as  reported  earlier  by  this  Laboratory 
failed  to  reduce  chloramphenicol.  However,  xanthine  oxidase  readily  reduced 
nitroso  chloramphenicol.  This  reaction  was  partially  inhibited  by  oxygen. 
In  the  NTH  all  purpose  strain  of  mice,  the  nitroso  chloramphenicol  toxicity 
study  showed  no  toxic  symptoms  during  the  10  days  of  injection  except  at 
high  doses  (40  mg/kg)  which  induced  irritation  of  the  Intraperitoneal  cavity. 
During  the  following  6  week  period,  the  mice  showed  no  dose  dependent  changes 
in  their  blood  cell  count.  Upon  termination  of  the  study,  necropsy  of  the 
animals  revealed  a  dose  dependent  relationship  in  formation  of  peritoneal 
adhesions.   Initial  histopathological  studies  indicate  no  significant  change 
in  any  bone  marrow  cells. 
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In  the  bovine  calves  the  nitroso  chloramphenicol  so  far  have  shown  no 
apparent  symptoms  during  10  days  of  intravenous  Injections  of  the  drug  at 
2.5  mg/kg/day.  During  the  follow  up  period  there  has  been  no  indications  of 
aplastic  anemia  from  the  measurement  of  peripheral  blood  cell  counts.  From 
these  toxicity  data  nitroso  chloramphenicol  may  not  be  considered  a  potent 
aplastic  anemia  inducing  agent  ±n^  vivo. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
The  major  finding  that  nitroso  chloramphenicol  can  be  readily  reduced  by 
xanthine  oxidase  even  in  the  presence  of  oxygen  raises  the  possibility  that 
N"hydroxylamine  or  a  free  radical  Inteirmediate  in  the  reduction  step  may 
play  an  important  role  in  the  chloramphenicol  aplastic  anemia. 

Proposed  Course  of  Project:   We  propose  to  terminate  this  project. 

Publications; 

Pohl,  L.R.,  Reddy,  G.B.  and  Krishna,  G. :  A  new  pathway  of 
metabolism  of  chloramphenicol  which  influences  the  interpretation 
of  its  irreversible  binding  to  protein  In  vivo.   Biochem. 
Pharmacol »  2£:   2433-2440,  1979. 

Galon,  Re  and  Krishna,  G.:  A  possible  role  for  calcium  and 
cyclic  GMP  in  hormone-induced  lipolysis.  Presented  at  the 
International  Symposium  on  Obesity:   Pathogenesis  and 
Treatment,  Jan.  17-18,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Last  year  we  reported  the  development  of  a  very  sensitive  radioimmunoassay 
for  cyclic  3'5'cytidine  monophosphate.   Utilizing  this  method  in  combination 
with  ion-exchange  chromatogaphy  on  Dowex  1  columns  we  have  clearly  demon- 
strated that  cyclic  CMP  does  not  exist  in  various  tissues  or  biological 
fluids.   Further  we  had  shown  that  the  rat  pancreas  which  appeared  to 
contain  some  apparent  cyclic  CMP  is  probably  due  to  cyclic  2'3'-CMP  which 
is  formed  from  RNA.   So  the  existence  of  cyclic  CMP  or  its  role  in  cell 
proliferation  is  highly  questionable. 
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Project  Description: 

Objectives:   Last  year  we  reported  that  we  were  unable  to  detect 
cyclic  CMP  in  rat  liver,  human  urine  or  mouse  leukemia  L1210  cells. 
Rat  pancreas  appeared  to  be  the  only  tissue  that  contained  low  amounts 
of  cyclic  CMP  in  the  range  of  0.5  -  1.0  pmole/g.   One  of  the  main 
objectives  of  this  study  is  to  reconfirm  the  absence  of  cyclic  CMP  in 
various  tissues  and  biological  fluids,  and  to  characterize  the  presence 
of  cyclic  CMP  in  pancreas  is  only  due  to  2,3-cyclic  CMP  and  not  to  any 
other  nucleotide. 

Methods  Employed;   A  radioimmunoassay  of  cyclic  AMP  was  carried 
out  as  described  in  last  year's  report.   The  tissue  extracts  were 
chromatographed  on  Dowex  1-formate  and  the  columns  were  eluted  with 
increasing  concentrations  of  formic  acid.   Assays  for  cyclic  CMP  were 
carried  out  on  all  fractions  (2  ml)  eluted  from  the  columns. 

Major  Findings:   So  far  we  have  been  unable  to  detect  the  presence 
of  cyclic  CMP  in  tissues  such  as  liver,  spleen,  mouse  leukemia  L1210  cells, 
human  urine  except  rat  pancreas.   The  sensitivity  of  the  radioimmunoassay 
is  such  that  we  could  have  detected  the  presence  of  at  least  10-20  pmoles 
of  cyclic  CMP.   As  we  reported  last  year  we  were  able  to  confirm  again 
the  presence  of  an  apparent  cyclic  CMP  in  the  range  of  1-3  pmoles/g  of 
rat  pancreas.   However  the  elution  profile  in  Dowex-1  chromatography 
did  not  correspond  exactly  to  the  authentic  cyclic  CMP.   The  elution 
profile  corresponded  more  to  authentic  cyclic  2'3'-cytidine  monophosphate. 
This  nucleotide  has  been  shown  to  be  formed  by  degradation  of  RNA. 
Even  though  cyclic  2 '3'  CMP  did  not  corss  react  to  a  great  extent  with 
the  specific  cyclic  CMP  antiseria  we  had  employed  in  our  assays,  it  had 
sufficient  cross  reactivity  to  interfere  with  cyclic  CMP  assay.   When  the 
Dowex-1  column  was  eluted  with  lower  concentrations  of  formic  acid,  it  was 
possible  to  separate  cyclic  CMP  from  other  interferring  nucleotides  in 
pancreas  such  as  cyclic  2 '3'  CMP, 2 'CMP  and  3 'CMP.   There  was  no  detectable 
cyclic  CMP  in  any  fraction.  We  conclude,  therefore,  the  presence  of  cyclic 
CMP  reported  in  pancreas  and  other  tissues  are  probably  due  to  interference 
from  other  nucleotides  rather  than  cyclic  CMP. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Cyclic  CMP  may  not  be  present  in  any  tissue  or  biological  fluids  so  far 
examined,  and  its  role  in  tissue  proliferation  thus  remains  highly 
questionable. 

Proposed  Course  of  Project;   We  will  terminate  this  project. 

Publication:   Kaushal,  D.C,  Carter,  R.,  Miller,  L.H.  and  Krishna,  G.: 
Gametocytogenesis  by  malaria  parasites  in  a  continuous 
culture;   Nature,  in  press. 


36  <^ 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  HL  00837-04  LCP 


PERIOD  COVERED 

October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

On  the  Mechanism  of  Hydrolytic  Dechlorination  of  Chloramphenicol 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI;         Lance  R.  Pohl 

OTHERS:      Jackie  L.  Martin 
Brion  Gross 
Patricia  Morris 
John  George 


Sr.  Staff  Fellow 

Biologist 
Costep 
Biologist 
Chemist 


LCP  NHLBI 

LCP  NHLBI 

LCP  NHLBI 

LCP  NHLBI 

LCP  NHLBI 


COOPERATING   UNITS    (if  any) 

William  B.  Jakoby  is  in  the  Section  on  Enzymes  and  Cellular  Biochemistry, 
National  Institute  of  Arthritis,  Metabolism  and  Digestive  Diseases 


LAB/BRANCH 

Laboratory  of  Chemical  Pharmacology 


SECTION 

Enzyme-Drug   Interaction 


^W^i.^Mr^°" 


ethesda,   Md.    20205 


TOTAL  MANYEARS: 
1.6 


PROFESSIONAL: 
0.2 


OTHER: 


1.4 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   n  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


B  (=)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Chloramphenicol  (CAP,  RNHCOCHCI2)  is  dehalogenated  to  CAP  aldehyde 
(RNHCOCHO)  in  rat  cytosol  predominantly  by  glutathione  transferase  A. 
This  reaction  likely  involves  the  initial  displacement  of  a  chlorine 
by  glutathione  (GSR)  to  produce  an  alpha  halothioether  intermediate 
(RNHCOCHCl-SG).   This  product  is  expected  to  react  rapidly  with  water 
to  yield  CAP  aldehyde  (RNHCOCHO)  and  GSH.   Thiamphenicol.  TAP,  the 
p-methylsulfonyl  derivative  of  CAP,  is  dechlorinated  to  an  aldehyde 
by  this  enzyme  system  to  a  significantly  slower  extent  than  is  CAP. 
In  contrast,  neither  enflurane  (CF2OCF2CHCIF)  nor  halothane  (CF3CHBrCl) 
is  dehalogenated  to  aldehydes  by  this  enzyme  system.   This  finding 
suggests  that  the  GSH  dependent  dehalogenase  are  not  Involved  in  the 
liver  and  kidney  toxicity  produced  by  these  compounds. 
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Objectives:   We  previously  reported  that  chloramphenicol 
(CAP,  RNHCOCHCI2)  is  metabolized  into  CAP  aldehyde  (RNHCOCHO)  and 
CAP  oxamic  acid  (RNHCOCOOH)  by  a  glutathione  (GSH)  dependent  enzyme 
or  enzymes  in  the  100,000  x  g  supernatant  (cytosol)  of  rat  liver. 
The  objective  of  this  investigation  has  been  to  characterize  more 
completely  the  enzyme(8)  involved  in  these  biotransformations. 

Methods  Employed;   The  metabolites  were  assayed  by  high  pressure 
liquid  chromatography  (HPLC),  and  their  structures  were  determined 
by  isobutane  chemical  ionization  mass  spectrscopy.   Purified  prep- 
arations of  rat  GSH  transferase  were  supplied  by  Dr.  William  Jakoby. 

Major  Findings;   CAP  was  metabolized  into  CAP  aldehyde  by 
purified  GSH  transferases  in  the  presence  of  GSH.   Enzjrme  A  was 
the  most  active,  whereas  enzymes  AA,  B,  and  C  showed  much  less 
activity.   These  enzjrmes,  however,  did  not  metabolize  CAP  nor 
CAP  aldehyde  into  CAP  oxamic  acid.   Another  enzyme(s)  in  the  cytosol 
of  rat  liver  was  responsible  for  the  conversion  of  CAP  aldehyde 
into  CAP  oxamic  acid.   This  enzyme(s)  utilized  NAD  or  NADP  as  a  co- 
factor,  but  did  not  require  GSH. 

Thiamphenicol  (TAP),  the  methylsulfonyl  derivative  of  CAP 
(CH3SO2C6H4)  was  also  dehalogenated  to  from  an  aldehyde  derivative  by 
the  cytosol  of  rat  liver,  although  at  approximately  30%  of  the 
rate  of  that  of  CAP.   In  contrast,  neither  enflurane  (CHF2OCF2CHCIF) 
nor  halothane  (CF3CHBrCl)  were  dehalogenated  into  aldehyde  derivatives 
by  the  cytosol  enzymes . 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
These  results  strongly  indicate  that  GSH  transferase  A  is  predominantly 
responsible  for  the  dechlorination  of  CAP  to  CAP  aldehyde  in  the  cytosol 
reaction  of  liver.   A  potential  mechanism  for  this  reaction  involves  the 
initial  displacement  of  a  chlorine  by  GSH  to  produce  an  alpha-halothioether 
intermediate  (EmHCOCHCl-SG) .   This  product  would  be  expected  to  hydrolyze 
rapidly  to  yield  CAP  aldehyde  (RNHCOCHO)  and  GSH.   CAP  aldehyde  is  then 
likely  metabolized  to  CAP  oxamic  acid  (ilNHCOCOOH)  by  nonspecific  aldehyde 
oxidase  present  in  the  cytosol  of  liver. 

The  observation  that  neither  enflurane  nor  halothane  is  dehalogenated 
by  the  cytosol  of  rat  liver,  suggests  that  this  pathway  of  metabolism 
is  not  involved  in  the  liver  and  kidney  toxicities  associated  with  the 
administration  of  these  drugs. 

Proposed  Course  of  Project.   This  project  is  terminated. 
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Publications: 


Martin,  J.L.,  George,  J.W.,  and  Pohl,  L.R.:  Glutathione-dependent 
dechlorination  of  chloramphenicol  by  cytosol  of  rat  liver.  Drug 
Metabolism  and  Disposition  8;   93-97,  1980. 

Pohl,  L.R.,  Reddy,  G.B.  and  Krishna,  G.:  A  new  pathway  of 
metabolism  of  chloramphenicol  which  influences  the  interaction 
of  its  irreversible  binding  to  protein  in  vivo.  Biochem. 
Pharm.  28:   2433-2440,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  method  to  separate  isolated  hepatocytes  into  various  cell  types 
was  investigated.  A  preliminary  study  has  indicated  that  it  is 
possible  to  separate  viable  and  nonviable  cells  using  a  nonsynchronous 
flow  through  a  coil  planet  centrifuge.   These  viable  cells  retain  their 
cytoplasmic  enzymes  and  drug  metabolizing  ability  even  after  three  hours 
in  the  centrifuge. 
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Project  Description: 

Objectives:   Various  studies  have  indicated  that  liver  is  made 
up  of  cell  populations  which  differ  markedly  in  drug  metabolism. 
Separation  of  these  cell  populations  may  be  advantageous  for  the 
study  of  compounds  which  induce  differential  damage  to  liver  cells. 
Using  a  nonsynchronous  flow  through  coil  planet  centrifuge,  we  have 
attempted  to  separate  isolated  hepatocytes  obtained  from  phenobarbital 
induced  rats  into  distinct  populations  and  to  study  the  capacity  of 
these  cells  to  metabolize  drugs. 

Methods  Employed:   The  isolation  of  hepatocytes  has  been  described 
earlier.  The  cells  in  normal  culture  media  were  subjected  to  a  non- 
synchronous  flow  through  a  coil  planet  centrifuge  (Model  1,  no  seal); 
the  flow  rate  and  centrifugal  force  were  used  as  separation  parameters. 

Major  Findings;   Hepatocytes  retained  in  this  system  for  up  to 
three  hours  were  still  viable  when  removed.  The  system  was  useful  in 
separation  of  nonviable  from  viable  cells.  The  viable  cells  retained 
cytoplasmic  enzymes  (lactate  dehydrogenase)  and  drug  metabolizing  ability 
(chloramphenicol  glucuronic  acid  conjugation).   Nonviable  cells  did  not 
retain  any  of  these  functions. 

One  of  the  problems  that  was  encountered  in  the  separation  of  popu- 
lations of  viable  cells  had  been  clumping  of  cells  during  the  centrifugation. 
Several  methods  to  overcome  this  problem  has  met  with  only  partial  success. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
Separation  of  different  cell  types  from  isolated  rat  liver  cells  will 
be  of  great  importance  in  the  study  of  the  mechanism  of  action  of  different 
hepatotoxlns  which  affect  the  cells  located  in  the  centrilobular  area  from 
those  located  in  the  midzonal  and  periportal  area  of  the  liver. 

Proposed  Course  of  Project:  We  are  presently  attempting  to  find  ways 
to  prevent  clumping  of  cells  and  then  to  examine  whether  this  method  will 
be  useful  in  the  separation  of  various  cell  types  in  the  liver  and  extend 
the  methodology  to  other  cells  such  as  lung. 


Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Anacardic  acid  analogs  have  been  tested  as  inhibitors  of  prostacyclin 
(PGI2)  induced  cyclic  AMP  synthesis  in  human  platelets  as  well  as  on  their 
mollusclcidal  action  against  B.  glabrata.   Triene  analog  of  anacardic  acid 
was  found  to  be  more  potent  than  diene  and  monoene  analogs  in  both  platelets 
and  snails.   The  decarboxylated  derivative  of  anacardic  acids  and  salicylic 
acid  were  inactive  as  molluscicides.   It  appears  that  both  salicylic  acid 
and  the  unsaturated  side  chain  plays  an  important  role  for  the  biological 
action  of  anacardic  acids. 
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Project  Description: 

Objectives:   Last  year  we  reported  on  the  Isolation  and  characterization 
of  anacardic  acids  obtained  from  cashew  shell.   Anacardic  acids  are  a  mixture 
of  salicylic  acid  analogues  containing  15  carbon  aliphatic  side  chain  in 
various  degrees  of  unsaturation.   Some  of  the  analogues  of  anacardic  acid 
was  found  to  be  an  inhibitor  of  prostacyclin  action  in  human  platelets 
and  also  were  found  to  have  potent  molluscicidal  effect  when  tested  against 
fresh  water  snails  since  the  snails  are  potential  vectors  for  Schistosomioses. 
The  understanding  of  the  molluscicidal  action  of  anacardic  acid  may  not  only 
help  in  the  development  of  anacardic  acids  as  new  class  of  naturally  occcurr- 
ing  mollusicide  but  may  also  reveal  the  interrelationship  between  prostacyclin 
action  in  the  platelets  as  well  as  in  the  snails.   The  main  objective  of  this 
study  has  been  to  characterize  the  structural  requirements  for  both  moll- 
uscicidal action  as  well  as  on  the  inhibitory  effect  of  anacardic  acid  on 
prostacyclin  induced  cyclic  AMP  in  human  platelets. 

Methods  Employed:   Various  analogues  of  anacardic  acid  were  isolated 
from  Cashew  shell  by  high  pressure  chroamtography.   All  analogues  were 
characterized  by  a  number  of  techniques  including  gas  chromatography  and 
mass  spectrometry. 

Prostacyclin  (PGI2)  induced  cyclic  AMP  was  measured  in  human  blood  plate- 
lets as  reported  earlier  and  the  effect  of  various  analogs  of  anacardic  acid 
on  PGI2  induced  cyclic  AMP  synthesis  was  determined. 

One  of  the  genetic  stocks  of  snail,  Blomphalaria  glabralaa  (NIH  albino 
or  M  Line)  was  utilized  for  molluscicidal  testing.  Approximately  100  breeding 
snails  were  maintained  in  artificial  pond  water  and  were  fed  Romaine  lettuce. 
Eggs  were  collected  from  these  snails  at  weekly  intervals  and  were  allowed 
to  hatch  in  fresh  pond  water.   The  newly  hatched  snails  were  transferred  to 
an  aquarium  and  were  fed  lettuce,  dried  dog  food  pellets  and  and  calcium 
carbonate  until  they  obtained  5-7  mm  shell  diameter.   Ten  snails  were  trans- 
ferred into  a  polyethylene  bag  containing  1  liter  of  desionized  water  to 
which  concentrated  solution  of  anacardic  acid  in  methanol  (up  to  1  ml)  had 
been  added  to  attain  various  concentrations  of  anacardic  acid.   The  poly- 
ethylene bag  was  tied  so  that  no  large  air  bubbles  remained  and  the  bag 
was  placed  in  an  incubator  at  26.5°C  for  24  hr.   At  the  end  of  incubation 
the  snails  were  removed  and  examined  under  binocular  dissection  microscope 
for  heartbeats.   Control  snails  were  treated  in  a  similar  manner  except 
no  anacardic  acid  was  used.   Methanol  used  in  these  experiments  did  not 
have  any  effect.   Mortality  data  were  analyzed  with  the  probit  and  potency 
analysis  program  devised  by  Daum  (Bull.  Ent.  Soc.  Amer.  16:10,1970). 

Major  Findings:   The  triene  analogue  of  anacardic  acid  appears  to 
be  the  most  potent  inhibitor  of  prostacyclin-induced  cyclic  AMP  synthesis 
in  human  blood  platelets  in  comparison  with  the  other  analogues.   The  diene 
analogue  was  more  potent  than  the  monene  and  the  saturated  analogue  was 
without  any  effect. 
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The  trlene  an  analogue  was  found  to  be  the  most  potent  molluscicide 
(triene,  LD50  -  0.8  ppm  vs  diene,  LD50  -  1.4  ppm)  and  the  saturated 
analogue  was  not  effective  as  a  molluscicide  at  concentrations  up  to  5  ppm. 
The  decarboxylated  derivatives  of  anacardic  acid  (cardanol)  were  devoid  of 
molluscicidal  action  at  concentrations  up  to  15  ppm.   Salicycllc  acid  was 
not  active  as  a  mollusicide.   These  results  indicate  that  this  requirement 
of  the  unsaturated  side  chain  as  well  as  the  carboxyl  group  of  salicyclic 
acid  in  the  anacardic  acid  molecule  plays  an  important  role  in  the  biological 
effect.   We  have  also  shown  a  simple  methanollc  extract  of  Cashew  shell  can 
be  utilized  for  controlling  the  snail  population  and  its  molluscicidal  action 
is  mainly  due  to  the  presence  of  the  unsaturated  analogues  of  anacardic 
acid.   This  was  revealed  by  testing  all  fractions  eluting  from  high  pressure 
liquid  chromatography  of  the  crude  extract  of  Cashew  shell;  only  fractions 
containing  anacardic  acids  (monoene,  diene  and  triene)  were  active  as 
molluscicide. 

Significance  of  Biomedical  Research  and  Progaram  of  the  Institute;  The 
discovery  of  the  molluscicidal  action  as  well  as  the  anti  PGI2  action  of 
anacardic  acid  is  due  to  the  unsaturated  aliphatic  chain  and  the  salicylic 
acid  moeity  may  help  in  the  understanding  of  the  mechanism  that  may  be  in- 
volved in  the  killing  of  the  snails.   If  PGI2  plays  an  important  role  in 
the  maintaining  of  snail  life  it  may  be  possible  to  test  other  compounds 
which  may  be  more  potent  in  inhibiting  PGI2  action  as  a  potential 
molluscicides. 

Proposed  Course  of  Project;  We  propose  to  modify  the  anacardic  acid 
molecule  in  order  to  develop  a  more  potent  inhibitor  of  PGI2  action  as  well 
as  more  potent  molluscicides. 


( 


Publications: 


Lloyd,  H.A. ,  Denny,  C.  and  Krishna,  G.:   A  simple  liquid 
chromatography  method  for  analysis  and  isolation  of  un- 
saturated components  of  anacardic  acids.   Liquid  Chromato- 
graphy, in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

During  the  past  year  we  have  been  able  to  purify  large  quantities  of  guanylate 


cyclase  from  sea  urchins.   The  purified  enzyme  showing  a  single  band  in  gel 
electrophoresis  was  able  to  convert  16  umole  min~^  mg"-*-  GTP  to  cyclic 
GMP.   The  enzyme  appears  to  contain  2  subunits  of  apparent  M.W. 59000.  After 
repeated  injections  of  purified  enzyme  in  rabbits  over  a  period  of  one  year, 
the  sera  contained  a  specific  antibody  against  guanyalte  cyclase.   In  mice, 
the  antibody  appears  to  be  produced  within  2  months  of  injection.   The  antisera 
showed  a  very  discrete  single  precipitin  line  against  purified  as  well  as 
partially  purified  guanylate  cyclase.   It  also  inhibited  guanylate  cyclase 
The  production  of  monoclonal  antibody  is  under  progress. 
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Project  Description: 

Objectives:   We  have  shown  earlier  that  cyclic  GMP  plays  an  important 
role  in  various  secretory  functions.   Moreover,  we  have  shown  that  cyclic 
GMP  as  well  as  the  enzymes  involved  in  its  synthesis  and  degradation  are 
highly  concentrated  in  the  rod  outer  segments  of  the  retina.   Even  though 
the  exact  role  of  cyclic  GMP  in  the  vision  process  is  not  clearly  under- 
stood it  appeas  to  be  involved  in  the  degeneration  of  rods.   We  have  shown 
earlier  that  in  Irish  setter  dogs  which  have  inherited  rod-cone  dysplasia, 
cyclic  GMP  is  markedly  increased  before  the  degeneration  of  both  rods  and 
cones.   The  enzyme  guanylate  cyclase,  which  catalyzes  in  the  synthesis  of 
cyclic  GMP,  appears  to  be  present  in  the  rod-outer  segments  of  the  retina 
but  its  exact  location  is  not  known  whether  the  enzyme  is  present  in  other 
tissues  such  as  pancreas,  platelets,  lung  and  fat  cells  is  also  not  known. 
In  order  to  visualize  the  enzyme  by  histo-lmmunochemical  techniques  it  is 
highly  imparitive  to  develop  specific  antibodies  against  guanylate  cyclase. 
The  main  objective  of  this  study  has  been  to  purify  guanylate  cyclase  and  to 
prepare  antibody  against  this  enzjnne  by  both  conventional  technique  in 
rabbits  and  mice  and  to  prepare  monoclonal  antibodies  with  specific 
characteristics  using  hybridomas  techniques. 

Methods  Employed:   Guanylate  cyclase  was  purified  from  sea  urchin 
(Arbacia  punculata)  sperms.   The  membrane  bound  enzyme  was  solubilized  by 
1%  Lubrol  in  25  mM  triethanolamine  buffer  (pH  7.6)  containing  2  mM  dithio- 
erythrotol.   The  enzyme  was  purified  by  sequential  chromatography  in  GTP 
sepharose,  DEAE  sephadex  and  bio-gel  (A-0.5)  columns.   The  purified  enzyme 
was  characterized  by  SDS  polyacrylamide  gel  electrophoresis. 

Purified  guanylate  cyclase  mixed  with  complete  Freud's  adjuvant  was 
injected  for  one  year  into  rabbits  and  for  two  months  into  mice.  The  presence 
of  guanylate  cyclase  antibodies  in  the  sera  were  detected  by  immuno  diffusion 
in  Ouchterlony  agar  plates  and  by  its  ability  to  inhibit  guanylate  cyclase. 
Monoclonal  antibodies  against  guanylate  cyclase  were  produced  by  fusing  the 
spleen  cells  of  mice  immunized  with  purified  guanylate  cyclase  (only  mice 
showing  the  presence  of  antibody  against  guanylate  cyclase  were  used)  with 
P  3X63Ag  8  myeloma  cells  using  polyethylene  glycol.   The  hybrid  cells  were 
isolated  and  grown  in  suspension  culture.   The  hyrbid  cells  producing  specific 
antibody  against  guanylate  cyclase  will  be  selected  and  cloned. 

Major  Findings;   During  the  past  year  we  have  been  able  to  purify  large 
quantities  of  guanylate  cyclase  showing  a  single  band  in  gel  electrophoresis. 
The  purified  eznyme  was  able  to  convert  16  umole  min~l  mg~l  GTP  to  cyclic 
GMP.   The  enzyme  appears  to  contain  2  subunits  of  apparent  M.W. 59000.   After 
repeated  injections  of  purified  enzyme  in  rabbits  over  a  period  of  one  year, 
the  sera  showed  presence  of  specific  antibody  against  guanylate  cyclase.   In 
mice,  antibody  appears  to  be  produced  within  2  months  of  injection.   The 
antisera  showed  a  very  discrete  single  precepitin  line  against  purified  as 
well  as  partially  purified  gaunylate  cyclase.   It  also  inhibited  guanylate 
cyclase.   The  production  of  monoclonal  antibody  is  in  progress. 
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Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
Preparation  of  a  specific  antibody  against  guanylate  cyclase  by  both 
conventional  and  monoclonal  technique  would  pave  the  way  for  the  production 
of  antibodies  against  other  guanylate  cyclase  as  well  as  other  enzyme 
systems.   The  availability  of  specific  monoclonal  and  polyclonal  antibodies 
will  greatly  help  In  the  understanding  of  the  role  of  cyclic  GMP  In  physio- 
logical as  well  as  pathological  conditions. 

Proposed  Course  of  Project;  We  propose  to  characterize  the  antbodles 
prepared  against  guanylate  cyclase  and  utilize  them  for  elucidating  the 
the  enzyme  guanylate  cyclase  In  the  retina  and  lung.   The  role  of  cyclic  GMP 
In  these  tissues  Is  not  clearly  understood  and  we  hope  that  the  learning  of 
the  localization  of  the  enzyme  may  help  In  the  understanding  of  the  critical 
role  of  cyclic  GMP  In  health  and  disease. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Effects  of  various  chemical  modifications  of  prostacyclin  (PGI2)  on  anti- 
aggregation  of  human  platelets  and  on  elevation  of  platelet  cyclic  AMP  (cAMP) 
were  investigated  utilizing  %-adenine  labeled  human  platelet-rich  plasma. 
Elongation  of  the  chain  length  of  PGI2  by  one  methyl  group  (20-methyl  PGI9) 
did  not  markedly  alter  the  PGI2  action  on  platelts  while  reducing  this 
chain  length  by  one  methyl  group  (2-nor-metyl  PGI?)  abolished  the  PGI2 
action  on  platelets  in  regards  to  both  anti-aggregatory  activity  as  well  as 
increase  in  cAMP.   Acetylenic  analogs  of  PGI2  were  more  active  than  PGI2 
and  the  increase  of  chain  length  by  one  methyl  group  (20  methyl  13,14  didehydr- 
PGI2)  markedly  potentiated  the  activity  against  platelet  aggregation  as 
well  on  cAMP  while  introduction  of  a  methyl  group  at  carbon  16  markedly 
reduced  both  activities.   Replacement  of  oxygen  in  the  hetrocyclic  ring  of 
PGI2  by  a  methylene  group  increased  the  chemical  stability  but  markedly 
reduced  the  activity  against  aggregation  as  well  on  cAMP.   Similar  results 
were  obtained  with  all  analogs  of  PGI2  when  tested  on  platelet  membrane 
adenylate  cyclase. 
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Project  Description: 

Objectives;   Prostacyclicn  (PGI2)  is  a  potent  inhibitor  of  platelet 
aggregation.  It  presumably  acts  by  increasing  the  synthesis  of  cAMP  by 
activating  platelet  adenylate  cyclase.  Although  PGI2  plays  an  important 
physiological  role  in  platelet  functions,  the  study  has  been  limited  due 
to  unstable  nature  of  PGI2  at  physiologica  pH.   It  is  rapidly  converted  to 
6-keto  PGFj^Q  ,  which  has  little  effect  on  platlet  aggregation.   The  main 
purpose  of  this  study  is  to  investigate  the  effects  of  various  PGI2  analogs 
on  platelet  aggregation  and  platelet  cyclic  AMP  and  to  develop  an  analog 
of  PGI2  that  is  more  potent  and  stable  than  PGI2.   The  development  of  such 
an  analog  of  PGI2  would  be  useful  not  only  in  clinical  practice  but  also 
in  helping  to  elucidate  the  PGI2  receptor  interactions  on  human  platelets. 

Methods  Employed;  Human  platelet  righ  plasma  was  incubated  for  30  min 
with  H  adenine  (64  nM  -  1  mC/ml).   PGI2  or  its  analogs  was  added  to  the 
blood  platelets  at  various  concentrations.  The  reaction  was  terminated 
with  5%  TCA  and  the  ^H-cAMP  that  accumulated  in  response  to  the  compounds 
was  isolated  by  column  chromatography  on  Dowex-50-H  followed  by  Ba(0H)2 
-  ZnS04  precipitation.  The  recovery  of  cAMP  was  routinely  monitored  by 
addition  of  ^^C-cAMP.  The  results  were  compared  with  that  obtained  by 
radioimmunoassay  method  previously  employed.  Adenylate  cyclase  in  the 
platelet  membrane  was  measured  as  reported  earlier. 

Platelet  aggregation  was  measured  with  a  BIO-DATA  platelet  aggregometer. 
Dose-dependent  inhibitory  effects  of  PGI2  and  its  analogs  on  ADP  (50  .uM) 
induced  platelet  aggregation  were  compared.  Various  analogs  of  PGI2  were 
supplied  by  Dr.  Grandolfi  of  Farmitalia  -  Carlo  Erba  of  Milano,  Italy. 

Major  Findings;   Elongation  of  aliphatic  chain  in  PGI2  molecule  by  a 
methyl  group  (20  methyl  PGI2)  did  not  alter  the  anti-aggregation  action  on 
platelet  while  decreasing  the  chain  by  one  methyl  group  (20  nor-methyl  PGI2) 
almost  abolished  its  capacity  to  increase  cAMP  level  and  to  inhibit  platelet 
aggregation. 

In  the  acetylenic  analogs  as  in  13,14-di-dehydro  derivatives,  having 

a  methyl  group  of  cabon-20  markedly  increased  the  potency  of  the  compound 

whereas  a  methyl  group  at  carbon-16  decreased  the  inhibition  of  aggregation 
and  cAMP  elevation. 

Carboprostacyclins  which  were  PGI2  analogs  in  which  oxygen  in  the 
heterocyclic  ring  is  replaced  by  methylene  group  had  very  little  ativity  and 
was  comparable  almost  to  that  of  6-keto  PGF^  ,  the  hydrolysis  product  of 
PGI2.  Even  though  carboprostacyclins  were  more  stable  than  PGI2,  they  had 
very  low  activity  towards  the  elevation  of  cAMP  in  platelets.   Similar 
results  were  also  obtained  with  all  analogs  of  PGI2  when  tested  against 
platelet  membrane  adenylate  cyclase. 


377 


Project  No.  ZOl  HL  00846-01  LCP 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
PGI2  and  Its  analogs  are  currently  under  intensive  study  for  use  in  the 
treatment  of  a  Ide  variety  of  disorders,  including  myocardial  Infraction, 
angina,  vascuular  occulsive  diseases  and  hypertension.   Synthesis  of  other 
PGI2  analogs  that  retain  the  physiological  function  of  the  molecule,  yet 
are  stable  when  administered  iri  vivo  may  be  of  critical  importance  in 
clinical  practice. 

Proposed  Course  of  Project;   In  order  to  understand  the  exact 
physiological  role  and  mechanism  of  PGI2  platelet  interaction,  specific 
receptor  binding  studies  will  be  carried  out  with  various  PGI2  analogs  and 
specific  PGI2  antagonists  such  as  anacardlc  acids. 

Publications;   None 

Awards;   An  award  for  Basic  Research  by  Foundation  of  Fight  for  Sight. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Isolated  hepatocytes  maintained  in  culture  have  been  used  to  study 
carbon  tetrachloride  (CCI4)  Induced  hepatotoxicity.   Hepatocytes 
maintained  in  cultured  for  1  day  retain  the  capacity  to  metabolize 
aminopyrine  and  to  activate  CCI4.  Cell  injury  has  been  assessed  by 
measuring  leakage  of  cytoplasmic  enzymes  (e.g.,  lactic  dehydrogenase: 
LDH),  lifting  of  cells  from  the  monolayer,  morphological  appearance 
and  exclusion  of  trypan  blue  at  different  calcium  concentrations  and 
in  the  presence  of  the  calcium  ionophore  A23187.   No  significant  changes 
in  covalent  binding  of  CCI4  are  observed  under  these  culture  conditions. 
Release  of  LDH  with  ionophore  (1  uM)  or  CCI4  (1.5  mM)  alone  is  decreased 
by  complexing  calcium  with  EGTA  (5  uM).   Injury  due  to  ionophore  and  CCI4, 
in  the  presence  of  high  calcium,  is  approximately  additive,  and  is  character- 
ized by  extensive  "blebing"  of  the  plasma  membrane  when  these  agents  are 
used  in  combination.   The  results  reported  here  and  by  other  laboratories 
implicate  calcium  as  a  modulator  of  cell  injury  by  CCI4. 
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Project  Description: 

Objectives:   Isolated  hepatocytes  In  suspension  have  been  used  to 
study  the  metabolic  activation  and  cytotoxicity  of  a  number  of  drugs  and 
xenoblotlcs.   However,  the  ability  to  maintain  these  cells  for  extended 
periods  of  time  is  desirable  in  order  to  investigate  events  leading  to 
cell  death,  subsequent  to  metabolic  activation  and  covalent  binding. 

Hepatocytes  isolated  from  male  adult  rats  can  be  maintained  in  monolayer 
culture  for  considerable  periods  of  time,  whilst  levels  of  drug-metabolizing 
enzymes  are  similar  to  those  found  in  vivo.  We  have  employed  a  monolayer 
technique  to  investigate  the  Interrelationship  between  the  role  of  calcium 
in  CCI4  hepatotoxicity,  metabolic  activation,  and  covalent  binding  of  CCI4. 

Methods  Employed:  Isolated  hepatocytes  have  been  prepared  by  a  two- 
step  collagenase  perfusion  technique.  Initially  Interstitial  calcium  is 
removed  by  the  chelator  EGTA,  followed  by  perfusion  with  medium  contain- 
ing 5  mM  calcium  chloride  and  0.05%  collagenase  for  about  10  min.  Iso- 
lated cells  are  then  allowed  to  adhere  to  culture  dishes  for  1  hr  before 
changing  the  culture  medium.  All  plastic  dishes  are  pretreated  with 
poly-L-lysine. 

Culture  medium  is  saturated  with  carbon  tetrachloride  and  then 
diluted  to  the  appropriate  concentration  with  the  culture  medium. 
In  a  typical  experiment,  monolayers  are  incubated  with  the  appropriate 
media  for  a  2  hr  period,  before  measurement  of  parameters  of  cell 
toxicity,  such  as  enzyme  release,  cell  detachment  and  cell  morphology. 
Cell  appearance  is  monitored  by  phase  contrast,  scanning  and  transmission 
electron  microscopy. 

The  concentration  of  CCI4  and  its  metabolism  to  chloroform  is  measured 
by  gas  chromatography  equipped  with  an  electron  capture  detector.   Covalent 
binding  of    [C]  CCI4  to  protein  and  lipid  is  measured  by  methods  established 
in  this  Laboratory. 

Major  Findings;   Isolated  hepatocytes  can  be  cultured  in  poly-L-lysine 
treated  plastic  culture  flasks  and  petri  dishes.   Live  cells  attach  to  the 
surface  within  1  hr,  as  long  as  sufficient  serum  is  included  in  the  culture 
medium.   Few  dead,  if  any,  cells  attach  within  this  time.   Optimum  culture 
conditions  require  10%  horse  serum,  0.02  i.u.  insulin/ml  and  high  concen- 
trations of  nicotinamide  (10-25  uM)  in  the  culture  medium.   Under  these 
conditions  cells  flatten  within  4-6  hr  and  form  cord-like  structures  within 
18-24  hr.   These  cords  of  cells  are  not  seen  in  the  absence  of  nicotinamide. 
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Cells  cultured  18-24  hr  retain  60-100%  of  drug-metabolizing  capacity 
as  judged  by  aminopyrine  metabolism  to  4-aminoantipyrine.   This  situation 
is  found  with  hepatocytes  from  both  control  and  phenobarbital  pretreated 
animals.   Hepatocytes  from  induced  animals  metabolize  5-6  fold  more  amino- 
pyrine than  do  noninduced  cells.   Nicotinamide  is  not  required  to  maintain 
high  enzyme  activity  under  these  culture  conditions. 

Cells  incubated  in  the  presence  of   C  CCl^  in  the  medium,  covalently 
bind  CCI4  to  protein  and  lipid.   This  binding  is  linear  for  at  least  10 
min  and  is  proportional  to  substrate  concentration  in  the  range  1-3.5  mM. 
The  extent  of  covalent  binding  is  insensitive  to  the  level  of  calcium  in 
the  culture  medium  and  also  to  the  ionophore  A23187.   Cells  treated  with 
CCI4  detach  from  the  monolayer  and  LDH  leakage  into  the  medium  is  observed. 
The  extent  of  LDH  leakage  can  be  enhanced  by  raising  the  calcium  concen- 
tration in  the  culture  medium  and  by  including  the  calcium  ionophore  A23187. 
In  the  presence  of  high  calcium  (3.6  mM)  the  ionophore  alone  causes  approx- 
imately the  same  release  of  LDH  as  does  1.5  mM  CCI4  alone.   The  effect  of 
CCI4  and  ionophore  are  additive,  although  CCI4  alone  at  high  concentrations 
(3.5  mM)  can  cause  complete  release  of  LDH  within  2  hr.   EGTA  in  the  presence 
of  low  calcium  particularly  block  the  release  of  LDH  by  CCI4.   It  thus 
appears  that  calcium  may  modulate  cell  death  after  injury  due  to  CCI4. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
Many  drugs  cause  liver  damage  which  has  been  associated  with  metabolic 
activation  and  covalent  binding.   These  results  suggest  that  the 
damage  caused  by  active  metabolites  of  CCI4  can  be  modulated  by  the 
availability  of  calcium. 

Proposed  Course  of  Project;   To  investigate  the  molecular  mechanisms 
by  which  calcium  modulates  cell  injury  and  the  role  of  calmodulin  in  drug- 
induced  hepatotoxicities. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Scanning  electron  microscopy  (SEM)  of  liver  cells  treated  with  carbon 
tetrachloride  (CCI4)  showed  marked  changes  including  formation  of  blebs 
on  the  surface  of  liver  membrane  which  were  markedly  increased  by  addition 
of  CaCl2  and  calcium  ionophore,  A  23187  and  were  markedly  reduced  by  re- 
moval of  calcium  from  the  medium.   The  changes  that  occurred  on  the  liver 
membranes  in  response  to  various  treatments  corresponded  to  various  bio- 
chemical changes  reported  earlier. 
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Project  Description: 


Objectives:   In  another  report  we  provided  evidence,  based  on  biochemical 
studies,  for  a  definite  role  of  calcium  in  drug-induced  damage  to  the  liver 
cells.   One  of  the  main  objectives  of  this  study  has  been  to  examine  the 
changes  that  occur  to  liver  cell  membranes  in  response  to  hepatotoxicty  by 
scanning  electron  microscopy  and  to  examine  whether  calcium  plays  a  role  in 
these  changes. 

Methods  Employed:   The  rat  liver  cells  were  prepared  by  collagenase 
perfusion  of  the  liver  and  the  cells  were  allowed  to  attach  to  plastic 
cover  slips  which  had  been  coated  with  polylysine.   The  liver  cells  were 
treated  for  two  hours  with  various  concentrations  of  carbon  tetrachloride 
in  presence  or  absence  of  calcium  and/or  10  iiM  calcium  ionophore  (A  23187). 
The  cells  were  fixed  with  2.5%  glutaraldehyde  at  the  end  of  various  time 
incubations.   The  cells  were  normally  fixed  for  1-2  min  and  washed  in  0.1  M 
cacodylate  buffer  pH  7.2.   The  cells  were  then  fixed  in  2%  osmium  oxide  for 
20-25  min  and  washed  in  the  buffer  and  the  cells  were  dehydrated  through  a 
series  of  alcohol  concentrations.   The  cells  were  subjected  to  critical 
point  drying  and  were  coated  with  a  thin  layer  of  gold  palladium  and  examined 
with  a  JEOL  JSM  35  scanning  electron  microscope. 

Major  Findings:   Under  scanning  electron  microscopy  the  control 
cells  appeared  to  have  normal  surface  membrane  with  no  evidence  of  any  cell 
damage.   When  the  cells  were  treated  with  carbon  tetrachloride  (0.5-2  mM) 
in  the  presence  of  calcium  ionophore,  A  23187  (lOjjM),  the  cells  exhibited 
various  bizarre  changes  of  the  cell  membrane  including  formation  of  numerous 
blebs.   The  cell  damage  to  the  membrane  was  greatly  reduced  when  calcium  was 
omitted  from  the  medium.   The  changes  that  occurred  to  the  cell  membrane 
by  CCI4  were  potentiated  by  addition  of  calcium  and  ionophore.   These  find- 
ings were  similar  to  the  biochemical  changes  reported  earlier. 

Signifiance  to  Biomedical  Research  and  Program  of  the  Institute: 
Scanning  electron  microscopy  appears  to  be  a  reliable  technique  for  examm- 
ing  surface  changes  that  occur  to  the  cell  membrane  in  response  to  hepato- 
toxins.   However,  it  is  difficult  to  quantitate,  but  in  combination  with 
other  biochemical  parameters  it  would  serve  as  a  useful  tool  for  studying 
the  mechanism  of  toxicity  induced  by  various  drugs. 

Proposed  Course  of  Project:   We  propose  to  examine  the  liver  cells  grown 
in  the  culture  flask  rather  than  on  the  plastic  cover  slips  and  examine  the 
changes  that  occur  to  the  cell  surface  and  the  cell  interior  by  combined 
use  of  phase,  scanning  and  tansmission  electron  microscopy.   We  also  propose 
to  examine  if  calcium  plays  an  important  role  in  the  toxicity  produced  by 
other  compounds. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  previously  reported  that  phenylbutazone  caused  liver  necrosis  in  rats 
pretreated  with  both  phenobarbital  and  dlethylmaleate.   However,  studies 
carried  out  during  the  past  year  failed  to  reproduce  these  effects  for 
reasons  that  are  not  clear.   Experiments  are  now  in  progress  to  find  a 
more  sensitive  species  and  conditions  which  can  be  correlated  with  a 
dose-related  Induction  by  phenylbutazone  of  hepatic  damage. 
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Project  Description: 


Objectives;   The  objectives  of  this  project  are  to  demonstrate  the 
production  of  hepatic  damage  by  large  doses  of  phenylbutazone  in  a 
laboratory  animal  and  to  establish  the  relationships  between  covalent  binding 
of  phenylbutazone  to  liver  microsomal  protein  and  the  production  of  liver 
damage  in  this  species* 

Methods  Employed:   Plasma  concentrations  of  glutamic-pyruvic  acid 
transaminase  will  be  measured  as  indicators  of  possible  hepatic  damage. 
When  a  suitable  species  has  been  found  and  conditions  have  been  established 
which  are  correlated  with  reproducible  increases  in  plasma  GPT  after  large 
doses  of  phenylbutazone,  appropriate  histologic  slides  of  livers  will  be 
made  and  inspected  for  the  extent  and  type  of  hepatic  damage. 

Major  Findings;   Hepatic  damage  induced  by  large  doses  of  phenyl- 
butazone is  variable,  both  in  otherwise  untreated  rats  and  in  rats  treated 
with  phenylbutazone.  Large  doses  of  phenylbutazone  did  not  produce 
renal  necrosis  in  rats. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
This  study  may  give  insight  into  the  mechanisms  responsible  for  the 
occasional  cases  of  hepatic  damage  which  have  been  resported  in  patients 
treated  with  phenylbutazone. 

Proposed  Course  of  Project:   Experiments  are  now  planned  with  other 
species,  such  as  the  hamster,  guinea  pig  and  mouse,  in  an  attempt  to  find  a 
species  more  sensitive  than  the  rat  to  the  toxic  effects  of  phenulbutazone. 
When  species  and  conditions  are  established  which  are  reproducibly  associated 
with  hepatic  damage,  measurements  will  be  made  of  covalent  binding  of 
phenylbutazone  to  liver  microsomal  protein,  to  explore  the  relationship 
between  such  binding  and  hepatotoxicity. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Renal  clearance  of  cephaloridine  was  lower  than  inulin  clearance  at  low 
plasma  concentrations  of  cephaloridine  and  higher  than  inulin  clearance 
at  high  plasma  levels.   Since  changes  in  protein  binding  of  the  drug  cannot 
account  for  the  effects,  the  data  suggest  that  cephaloridine  is  reabsorbed 
by  the  kidney  in  the  rat,  in  addition  to  being  filtered  and  secreted. 
In  the  anesthetized  rat,  cephaloridine  increased  significantly  the  rate 
of  endogenous  urate  urinary  excretion  and  the  renal  clearance  of  endogenous 
urate.   The  plasma  concentration  of  endogenous  urate  was  decreased.   This 
uricosuric  effect  of  cephaloridine  suggests  that  uric  acid  and  cephaloridine 
are  reabsorbed  by  the  same  transport  system.   Experiments  are  now  in 
progress  to  measure  the  effects  of  cephaloridine  on  the  uptake  of  urate  by 
rabbit  renal  cortical  slices. 
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Project  Description: 

Objectives;   In  a  study  in  healthy  human  volunteers,  Arvidsson,  Borga 
and  Alvan  (Clin.  Pharmacol .  Ther.  25:  870-876,  1979)  reported  that 
cephapirin  and  cephaloridine  were  reabsorbed  in  addition  to  being  filtered 
and  secreted.   The  objective  of  this  project  was  to  find  an  animal  model 
for  the  reabsorption  of  cephalosporins  and  to  determine  the  type  of 
endogenous  transport  system  which  is  involved.   Transport  systems  under 
consideration  included  systems  that  reabsorb  amino  acids,  urate  and 
ascorbic  acid. 

Methods  Employed;   Rats  are  anesthetized  with  Chloropent  Injection 
(Fort  Dodge  Labs.,  Inc.).   The  urinary  bladder  is  catheterized  with  a 
polyethylene  tubing  inserted  through  the  urethra.   Blood  samples  are  taken 
from  a  retro-orbital  sinus  at  appropriate  intervals. 

Plasma  and  urine  concentrations  of  cephalosporins  are  analyzed  with 
a  HPLC  method.   Amino  acids  are  qualitatively  determined  in  urine  by  a 
ninhydrin  reagent.   Urate  is  determined  by  a  uricase  method  with  a  Sigma 
kit. 

Major  Findings:    Cephapirin  is  rapidly  and  almost  completely 
metabolized  in  the  rat.   Since  the  recovery  of  intact  cephapirin  in  the 
urine  was  less  than  1%,  clearance  measurements  were  not  possible  in  the 
rat.   In  the  hope  of  detecting  reabsorption  of  cephapirin  in  a  different 
species,  cephapirin  was  infused  intravenously  in  four  rabbits  to  give  a 
high  (13  ug/ml)  or  low  (3.4  ug/ml)  plasma  steady  state  concentration.   No 
reabsorption  of  cephapirin  or  of  deacetylcephapirin  could  be  detected  in 
the  rabbit  with  clearance  techniques. 

Since  there  was  no  reabsorption  in  the  rabbit,  we  looked  for 
reabsorption  of  other  cephalosporins  in  the  rat.   Clearance  measurments  with 
cephalexin  did  not  indicate  reabsorption.   In  contrast,  the  renal  clearance 
of  cephaloridine  at  plasma  concentrations  greater  than  10  ug/ml  was  about 
11  ml  min"-'-  kg"-'-.   At  lower  plasma  concentrations,  the  renal  clearance 
dropped  to  about  3  ml  min~^  kg~l;  this  suggested  renal  reabsorption  of 
cephaloridine  in  the  rat.   We  therefore  decided  to  use  the  clearance  of 
cephaloridine  in  the  rat  as  a  model  for  the  reabsorption  of  cephalosporins. 

Cephaloridine  (40  mg/kg  in  a  bolus  injection  iv)  increased  the  rate 
of  endogenous  urate  urinary  excretion  in  9  rats  from  1.3  ug  min"-*-  to 
2.3  ug  min~^.   The  renal  clearance  of  urate  rose  from  0.25  ml  kg  ~^  min~^ 
to  1.3  ml  kg~^  min~^  and  the  plasma  urate  concentration  fell  more  than  50%. 

Experiments  are  now  in  progress  to  measure  the  effects  of 
cephaloridine  on  urate  uptake  by  rat  renal  cortical  slices. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 
If  cephaloridine  exerts  an  uricosuric  effect  in  humans  as  in  the  rat  then 
cephaloridine  should  be  given  specific  consideration  as  an  antibiotic 
for  treating  an  infection  in  a  patient  with  gout. 

publication!'^  '^"""^  °^  Project;   A  manuscript  is  now  in  preparation  for 

Publications: 

Maling,  H.M.,  Saul,  W. ,  Yasaka.  W.J.  and  Gillette,  J.R.   Effect  of 
isoproterenol  on  the  toxicity  in  rats  of  compounds  eliminated  by  the 
kidneys.   Pharmacology,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Drugs  are  frequently  eliminated  from  the  body  by  two  or  more  organs, 
the  relative  contributions  of  which  depends  on  the  route  of  administration 
of  the  drugs.   A  study  is  in  progress  of  the  relationships  between 
steady-state  blood  concentrations  and  urinary  and  biliary  excretion  of 
p-aminohippurate  (PAH)  during  simultaneous  infusion  into  the  portal  vein 
of  PAH  labeled  with  %  or  ^'^C  and  into  the  tail  vein  of  PAH  labeled  with 
the  other  isotope.   This  study  serves  as  a  surrogate  for  a  drug  that  is 
metabolized  by  the  liver  and  excreted  by  the  kidney. 
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Project  Description 


Objectives;   One  of  us  (JRG)  has  previously  presented  a  pharma- 
cokinetic analysis  of  the  effects  of  the  route  of  administration  on 
the  steady-state  concentrations  of  foreign  compounds  and  their 
metabolites  in  tissues  when  the  substances  are  metabolized  by  the  liver 
and  excreted  by  the  kidney  (Ciba  Foundation  Symposium,  in  press).   This 
analysis  has  produced  the  following  simple  equation: 

_BE_=  1  +  CIr 
Bs         Qh 


in  which  B-  is  the  steady-state  rate  of  biliary  excretion  during 
continuous  infusion  into  the  portal  vein  and  Bg  is  the  steady-state 
rate  of  biliary  excretion  during  infusion  into  a  systemic  vein,  CIr 
is  the  renal  blood  clearance  of  the  compound,  and  Q{j  is  the  hepatic 
blood  flow. 

The  objective  of  this  study  is  to  demonstrate  the  validity  of  this 
relationship  in  the  rat  and  to  calculate  the  hepatic  blood  flow  during 
simultaneous  intraportal  and  intravenous  infusions  of  -^H-  or  •'•^C-PAH. 

Methods  Employed;   Radiolabeled  (^^^C-  or  %-)  PAH  was  infused  at 
a  constant  rate  for  two  hours  into  the  portal  vein  and  PAH  labeled 
with  the  other  isotope  was  infused  simultaneously  at  the  same  rate  into 
the  tail  vein.   By  measuring  the  %-  and  l^C-radioactivity,  the 
contribution  of  PAH  infused  by  each  route  could  be  evaluated.   A 
steady-state  was  assumed  to  exist  when  the  rate  of  infusion  was 
approximately  equal  to  the  sum  of  the  renal  excretion  rate  and  the 
biliary  excretion  rate. 

Major  Findings;   The  ratio  Bp/Bs  was  usually  in  the  range  1.20-1.56. 
Hepatic  blood  flow  varied  from  40  to  80  ml  kg  "■'•min"-'-  in  different 
rats. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
This  study  provides  another  method  for  calculating  hepatic  blood  flow. 
It  also  tests  the  validity  of  the  equation  given  in  the  Objectives 
and  increases  our  understanding  of  the  effects  of  different  routes  of 
administration  of  drugs. 

Publications;   Brown,  E.A.B.  and  Maling,  H.M.   Effects  of  paraquat  and 
related  herbicides  on  the  acetylcholinesterase  of  rat 
lung.   Biochem.  Pharmacol.  29:  465-466,  1980. 
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^e^'\Iepal^o1gok^f cf g^*^ ^o^  klMtarid^^^mi^WY'^^   mediated  by  a  reactive  metabolite(s)  . 
We  have  previously  shown  that  this  metabolite  is  not  formed  by  N-hydroxylation 
3,4-epoxidation,  or  2,3-epoxidation.   In  this  work  we  show  that  that  there  is 
more  than  one  reactive  metabolite;  more  covalent  binding  occurs  with   C-ring-A 
than  with  l^C-A.   Acetamide  was  found  to  be  a  microsomal  metabolite  of  ■'■^C- 
acetyl-A.   Acetamide  formation  plus  covalent  binding  of  ^^C-acetyl-A  equaled 
l^C-ring  A  binding.   These  data  indicate  two  reactive  metabolites  of  A. 
Ascorbic  acid  blocked  acetamide  formation  and  covalent  binding  of  both 
labels.  Addition  of  exogeneous  protein  to  the  microsomal  incubation  mixture 
increased  covalent  binding  and  decreased  acetamide  formation.   These  data 
are  consistent  with  N-acetylimidoquinone  being  a  acetreactive  metabolite 
of  A  and  hydrolysis  of  N-acetylimidoquinone  yields  acetamide  plus  benzoquinone, 
which  also  binds  to  protein.   One  electron  reduction  of  N-acetylimidoquinone 
will  yield  N-acetylsemiquinone  which  may  also  be  a  reactive  metabolite. 
The  data  are  consistent  with  the  concept  that  A  is  converted  to  N-acetylimido- 
quinone, by  a  previously  unknown  mechanism  for  cytochrome  P-450. 

3?/ 


PHS-6040 
(Rev.  10-76) 


Project  No.   ZOl  HL  00917-05  LCP 

Project  Description: 

Objectives:   Previous  studies  in  our  Laboratory  have  shown  that  the 
hepatotoxicity  of  acetaminophen  is  mediated  by  a  reactive  metabolite  and 
that  the  hepatotoxicity  of  phenacetin  is  mediated  by  conversion  to  acet- 
aminophen.  The  mechanism  of  formation  and  the  structure  of  the  reactive 
metabolite  of  acetaminophen,  however,  have  remained  elusive.   The  object  of 
this  project  is  to  determine  the  structure  of  this  metabolite  and  determine 
its  mechanism  of  formation. 

Methods  Employed:  Liver  microsomes  were  isolated  from  hamsters  by  stan- 
dard procedures.   Acetamide  was  assayed  by  high  pressure  liquid  chromato- 
graphy.  ^'*C-Acetylacetaminophen  was  synthesized  from  p-aminophenol  and 
l^C-acetic  anhydride  by  previously  published  techniques.   All  other  methods 
were  standard  procedure. 

Major  Findings:   More  covalent  binding  was  found  using  ^^C-ring-acet- 
aminophen  than  with  ^^C-acetyl-acetaminophen.   Acetamide  was  determined 
to  be  a  metabolite  of  -^H-acetylacetaminophen;  the  ^H-acetamide  metabolite, 
which  was  isolated  by  HPLC  from  a  microsomal  incubation  mixture,  recrystall- 
ized  with  authentic  unlabeled  acetamide  in  the  three  different  solvent  systems. 
Acetamide  formation  plus  covalent  binding  of  ■'■^C-acetylacetamiophen  equaled 
covalent  binding  of  •'■^C-ring  acetaminophen.   Ascorbic  acid  blocked  binding 
of  both  acetaminophen  labels.  Addition  of  supernatant  protein  or  boiled 
supernatant  protein  increased  covalent  binding  and  decreased  acetamide. 
Glutathione  decreased  binding  and  did  not  alter  acetamide  formation. 
Glutathione  plus  supernatant,  which  contains  glutathione  transferases, 
decreased  covalent  binding,  decreased  acetamide  and  a  glutathione  conju- 
gate was  formed.   In  the  presence  of  glutathione  more  reactive  metabolite 
was  accounted  for  as  a  glutathione  conjugate  than  could  be  accounted  for 
by  covalent  binding.   More  NADPH  was  oxidized  in  the  absence  of  glutathione 
than  in  the  presence  of  glutathione.   These  data  are  consistent  with  the 
view  that  N-acetylimidoquinone  is  a  reactive  metabolite  of  acetaminophen. 
Since  hydrolysis  of  N-acetylimidoquinone  would  yield  acetamide  plus  benzo- 
quinone,  benzoquinone  may  also  be  a  reactive  metabolite  of  acetaminophen. 
Since  more  NADPH  is  oxidized  in  the  absence  of  glutathione  than  in  the 
presence  of  glutathione  apparently  the  reactive  metabolite  may  be  reduced 
to  acetaminophen,  whereas  in  the  presence  of  glutathione  it  is  conjugated. 
One  electron  reduction  of  N-acetylimidoquinone  by  NADPH  cytochrome  £  re- 
ductase would  yield  N-acetylimidosemiquinone,  which  may  also  be  a  reactive 
metabolite.   Thus  there  may  be  three  reactive  metabolites  of  Acetaminophen. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
1)  The  studies  establish  mechanisms  for  hepatotoxicity  of  acetaminophen 
and  phenacetin.   2)  Suggest  a  new  mechanism  for  cytochrome  p-450;  oxi- 
dation of  acetaminophen  directly  to  N-acetylimidoquinone  without  the 
intermediatry  of  an  oxygenated  derivative.   3)  Suggest  a  role  of 
imidoquinone  in  toxicology.   4)  Underscore  complexities  in  identifying 
toxic  intermediates. 
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evidence  for  multiple  reactive  metabolites  of  acetaminophen. 
Pharmacology  19:   237-248,  1979. 

Hinson,  J. A.,  Pohl,  L.R.  and  Gillette,  J.R.:  A  simple  high 
pressure  liquid  chromatographic  assay  for  the  N-hydroxy 
derivatives  of  phenacetin,  acetmalnophen,  2-acetylamino- 
fluorene,  and  other  hydroxamic  acids.  Analytical  Biochem. 
101:   462-467,  1980. 

Hinson,  J.A.;   Biochemical  Toxicology  of  Acetaminophen.   In 
Reviews  in  Biochemical  Toxicology,  vol.  II,  Hodgson,  E., 
Bend,  J.  and  Philpot,  R.  (eds.),  Elsevier/North  Holland,  Inc. 
Amsterdam,  1980,  pp.  103-129. 
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and  Disposition,  in  press. 

Nelson,  S.D.,  Vaishnav,  Y.,  Gillette,  J.R.  and  Hinson,  J. A.: 
The  use  of  ^H  and  ^^0  to  examine  arylating  and  alkylating 
pathways  of  phenacetin  metabolism.   Stable  Isotopes: 
Proceedings  of  the  Third  International  Conference,  Academic 
Press,  1979,  p.  385-392. 

Pang,  K.S.,  Taburet,  A.M.,  Hinson,  J. A.  and  Gillette,  J.R. : 
High-performance  liquid  chromatographic  assay  for  acetamino- 
phen and  phenacetin  in  the  presence  of  their  metabolites  in 
biological  fluids.  Journal  of  Chromatography  174:   165-175, 
1979. 


393 


SMITHSONIAN   SCIENCE    INFORMATION   EXCHANGE 
PROJECT  NUMBER    (Oo  NOT   use   this   space) 


U.S.   DEPARTMENT  OF 
HEALTH,    EDUCATION,    AND  WELFARE 
PUBLIC  HEALTH   SERVICE 
NOTICE  OF 
INTRAHURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  HL  00928-01  LCP 


PERIOD   COVERED 
October  1,    1979   to   September   30,    1980 


TITLE  OF   PROJECT   (80  characters   or  less) 
Synthesis   of  Deuterated  and  Tritiated  Derivatives   of  Enflurane 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


Terrence  R.  Burke,  Jr. 
Lance  R.  Pohl 


Guest  Worker  LCP    NHBLI 

Sr.  Staff  Fellow       LCP    NHLBI 


COOPERATING  UNITS  (if  any) 

Dr.  Burke  is  a  Research  Associate  in  th  Pharmacology-Toxicology 
Research  Associate  Program,  NIGMS,  Bethesda,  Md.  20205 


lab/branch 
Laboratory  of  Chemical  Pharmacology 


SECTION 
Drug  Enzyme  Interaction 


IN 


milVMT''''- 


ethesda,   Md.    20205 


TOTAL  MANYEARSj 
0.2 


PROFESSIONAL: 
0.2 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)  HUMAN  SUBJECTS 

D  (al)  MINORS   D  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


[X(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Specifically  deuterated  derivatives  of  the  inhalation  anesthetic  enflurane 
(CHF2OCF2CHCIF)  have  been  synthesized  by  a  facile  base  catalyzed  exchange. 
Tritiated  enflurane  has  also  been  synthesized  by  this  procedure.   These 
labeled  derivatives  have  been  employed  to  determine  the  mechanism  of  metabo- 
lism of  enflurane  to  the  potential  kidney  toxin  fluoride  ion. 
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Project  Description: 

Objectives:   To  develop  a  facile  and  rapid  method  for  the  synthesis 
of  deuterated  and  trltlated  derivatives  of  the  Inhalation  anesthetic 
enflurane. 

2        2 
Methods  Employed;   Dldeuteroenf lurane  (C  HF2OCF2C  HClF)  was  prepared 

by  heating  to  reflux  for  2  hr  a  mixture  containing  enflurane,  1  M  NaOD, 
and  the  phase  transfer  catalyst,  Allquat  336  (trlcaprylmethylammonlrUm 
chloride).   The  monodeuterodlf luoromethoxy  derivative  of  enflurane 
(C  HF2OCF2CHFCI)  was  synthesized  from  dideuroenf lurane  by  selective  re- 
placement of  deuterium  with  hydrogen  at  the  chlorof luoromethyl  carbon. 
This  reaction  was  conducted  In  the  presence  of  H2O,  (pH  8-9)  and  Allquat 
336  at  reflux  for  2  hr.  Monodeuterochlorof luoromethyl  enflurane 
(CHF2OCF2CHCIF)  was  synthesized  from  enflurane  employing  the  later 
reaction  conditions,  in  the  presence  of  D2O.   Dltrltlated  labeled  enflurane 
(C  HF2OCF2C  HClF)  was  synthesized  by  reacting  enflurane  in  the  presence 
of  H2O,  1  M  NaOH,  and  Allquat  336  for  3  days  at  67 °C. 

2 
Major  Findings:   Employing  the  procedures  outline  above  C  HF2OCF2- 

C^HCIF,  C^HF20CF2CHC1F,  CHF20CF2C%C1F,  and  C%F20CF2c2hC1F  were 

prepared  in  yields  of  50%,  66%,  33%,  and  53%,  respectively. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
There  have  been  recent  reports  indicating  that  enflurane  anesthesia  can 
produce  renal  changes  in  both  man  and  rat.   Since  fluoride  ion  is  be- 
lieved to  be  responsible  for  this  toxicity,  it  is  important  to  be  able 
to  determine  how  enflurane  Is  metabolized  to  fluoride  ion.   Based  upon 
previous  studies  with  related  halogenated  hydrocarbons,  such  as  chloro- 
form, halothane,  and  chloramphenicol,  enflurane  is  likely  metabolized  to 
fluoride  ion  by  an  oxidative  dehalogenation  mechanism.   However,  this 
reaction  may  occur  by  initial  oxidation  of  the  C-H  bond  of  the  chloro- 
fluoromethyl  carbon  or  by  oxidation  of  the  C-H  bond  of  the  difluoro- 
methyl  carbon.   One  way  to  determine  the  relative  Importance  of  these 
pathways  of  metabolism  is  to  compare  the  relative  rates  of  defluor- 
natlon  of  specifically  deuterated  derivatives  of  enflurane.   Another 
approach  is  to  determine  the  structure  of  the  organic  end  products  of 
metabolism.   This  can  only  be  readily  accomplished  with  a  radiolabeled 
derivative  of  enflurane.   Tritium  labeled  enflurane  can  be  employed  for 
these  studies. 

Proposed  Course  of  Project;   The  project  is  terminated. 

Publiations; 

Burke,  T.R.,  Jr.  and  Pohl,  L.R.:   Synthesis  of  deuterated  and 
trltlated  derivatives  of  enflurane.   J.  Labelled  Compd.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


One  hr  after  administration  to  phenobarbital  (PB)  pretreated  rats 
the  various  halocarbons  (3.73  mmole/kg  i.p.)  depleted  hepatic  glutathione 
(GSH)  as  follows:   CHCI3,  75%;  CBrCl3,  41%;  CHBr3  14%;  CCI4  12%. 
All  of  these  halocarbons  were  converted  to  GSCOSG  when  they  were  incu- 
bated for  10  min  in  air  with  rat  liver  microsomes  from  PB-pretreated 
rats  and  GSH.   This  derivative  of  GSH  was  also  identified  as  a  metabo- 
lite in  bile  in  the  living  rat.   Moreover,  the  relative  amounts  of 
formation  of  GSCOSG  paralleled  the  GSH  depleting  activities  of  the 
various  halocarbons.   These  results  indicate  that  GSCOSG  is  formed  by  the 
oxidative  metabolism  of  the  trihalo  (CHXr<)  and  tetrahalomethanes  (CX^) 
into  potentially  toxic  carbonyl  halides  (COX2)  which  are  detoxified  by 
their  reaction  with  GSH  to  produce  GSCOSG. 
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Project  Description: 

Objectives:   To  determine  If  the  oxidative  metabolism  of  trlhalo 
and  tetrahalomethanes  to  carbonyl  halldes  (COX2)  Is  responsible  for 
GSH  depletion  by  these  compounds. 

14 
Methods  Employed:   GSCOSG  was  synthesized  from  GSH  and   COCI2  and 

was  purified  by  preparative  high  pressure  liquid  chromatography  (HPLC). 
Rats  were  pretreated  with  phenobarbltal  prior  to  the  administration  of 
CHCI3,  CBrCl3,  CHBr3,  and  CCI4  (3.73  mmole/kg,  in  sesame  oil,  i.p.). 
After  1  hr,  liver  GSH  levels  were  measured  by  the  method  of  Elman.   The 
various  halocarbons  (5  mM)  were  also  Incubated  with  liver  microsomes,  a 
NADPH  generating  system  and  GSH  (5mM).   The  formation  of  GSCOSG  was  de- 
termined by  C-13  NMR  and  quantitated  by  HPLC.   GSCOSG  was  also  identified 
as  a  metabolite  in  bile  in  living  rats  of  the  various  halocarbons. 

Major  Findings;   One  hour  after  administration  to  phenobarbltal 
pretreated  rats  the  halocarbons  depleted  hepatic  GSH  as  follows: 
CHCI3,  75%;  CBrCl3,  41%,  CHBr3,  14%;  CCI4,  12%.  When  Incubated  for 
10  min  with  rat  liver  microsomes  and  GSH  all  of  the  compounds  were 
converted  to  the  same  metabolite  which  was  identified  as  the  thio- 
carbonate  ester  of  GSH  (GSCOSG)  by  HPLC  and  C-13  NMR  comparison  with 
a  synthetic  standard.   The  percent  conversions  of  each  of  the  substrates 
to  this  product  were  as  follows:   CHCI3,  7.2%;  CBrCl3,  2.3%;  CHBr3, 
0.7%;  CCI4,  0.3%.   The  same  basic  pattern  of  formation  of  GSCOSG  was 
also  observed  when  this  metabolite  was  measured  in  bile  following  the 
administration  of  these  compounds. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
These  results  explain  how  chloroform  and  other  trlhalo  and  tetrahalo- 
carbons  deplete  liver  GSH.   They  strongly  indicate  that  these  compounds 
are  oxldatlvely  dehalogenated  into  reactive  and  potentially  toxic  carbonyl 
halldes.   GSH  protects  the  body  from  these  compounds  by  rapidly  reacting 
with  them  to  form  the  thiocarbonate  GSCOSG.   The  trihalocarbons  (CHX3) 
are  likely  metabolized  by  a  direct  oxidation  to  trihalomethanols  (CX3OH) 
which  spontaneously  dehydrohalogenate  to  carbonyl  halldes.   The  tetra- 
halocarbons  (CX4),  however,  may  form  the  carbonyl  halldes  by  either  Initial 
reduction  to  form  trihalocarbons  (CHX3)  which  are  subsequently  oxldatlvely 
dehalogenated  to  COX2  or  by  direct  oxidation  of  the  C-X  bonds  to  form 
trihalomethyl  esters  of  hypohalous  acids,  CX3OX.   These  compounds 
would  be  expected  to  react  rapidly  with  tissue  nucleophlles  to  produce 
COX2 . 

Proposed  Course  of  Project:   We  plan  to  determine  if  carbon-halogen 
bonds  can  be  directly  oxldatlvely  dehalogenated.   Understanding  this 
process  may  be  Important  in  explaining  how  halogenated  drugs  such  as 
halothane  (CF3CHBrCl)  cause  hepatotoxicity. 

Pulications;   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Difluoromethoxyldifluoroacetic  acid  (CHF2OCF2CO2H)  has  been  identified 
as  a  metabolite  of  enflurane  (CHF2OCF2CHCIF)  in  rat  liver  microsomes 
in  vitro  and  in  human  urine  by  gas  chromatography  mass  spectrometry. 
A  radiochemical  assay  showed  that  this  was  the  only  organic  metabolite 
of  enflurane  in  the  urine  of  these  patients.   The  formation  of  the  metabo- 
lite in  rat  liver  microsomes  requires  NADPH  and  O2,  and  is  inhibited  by 
SKF  525-A  or  C0:02  (8:2).   When  the  C-H  bonds  of  the  CHCIF  group  of  enflurane 
or  the  CHCl  group  of  isoflurane  (CHF2OCHCICF3)  are  replaced  with  C-Cl 
bonds  virtually  no  fluoride  ion  (F")  is  produced  from  either  derivative  in 
liver  microsomes.   These  results  indicate  that  cytochrome  P-450  catalyzes 
the  oxidative  dehalogenation  of  CHF2OCF2CHCIF  at  its  CHCIF  group  to  form 
CHF2OCF2CO2H,  CI   and  F  .   In  contrast,  the  CHF2  group  does  not  appear 
to  be  appreciably  susceptible  to  metabolic  oxidative  dehalogenation. 
Therefore,  the  CHF2  group  can  be  incorporated  into  the  design  of  new  inha- 
lation anesthetics  so  that  they  will  not  be  appreciably  metabolized  to  the 
potential  kidney  toxin,  F~. 
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Project  Description: 


Objectives;   The  findings  of  a  recent  metabolic  study  in  vitro  with 
specifically  deuterated  derivatives  of  enflurane  presented  as  a  separate 
project  report  (ZOl  HL  009  34-01  LCP)  suggests  that  enflurane  is  exclusively 
defluorinated  by  oxidation  of  the  C-H  bond  of  the  CHCIF  group.   The  object 
of  the  present  report  was  to  test  this  idea  by  identifying  the  organic 
metabolite(s)  of  enflurane.  Until  now,  F~  was  the  unly  identified  metabo- 
lite of  enflurane.   In  addition,  the  enzyme  system  catalyzing  the  formation 
of  the  organic  metabolite(s)  has  been  investigated. 

Methods  Employed;   [%]  labeled  enflurane  was  utilized  for  the 
incubations  with  rat  liver  microsomes.   The  [-^H]  labeled  metabolites 
were  purified  and  analyzed  by  high  pressure  liquid  chromatography  (HPLC). 
Final  characterization  was  accomplished  by  electron  ionization  and  iso- 
butane  chemical  ionization  gas  chromatography  mass  spectrometry  (GCMS). 
The  metabolites  of  enflurane  in  the  urine  of  one  male  patient  following 
anesthesia  were  also  analyzed  and  characterized  by  a  combination  of  HPLC 
and  GCMS.   The  enzyme  system  catalyzing  the  formation  of  the  organic 
metabolite(s)  of  enflurane  was  investigated  in  rat  liver  microsomes  by 
performing  incubations  under  various  conditions  and  with  several 
derivatives  of  enflurane. 

Aliquots  of  total  urine  of  3  patients  which  were  collected  for  15-24 
hrs  after  anesthesia  were  tagged  with  [%]  labeled  metabolite  obtained  by 
incubation  of  [%]  labeled  enflurane  with  rat  liver  microsomes.   The 
resulting  urines  were  subjected  to  a  derivatization  procedure  which 
utilized  [-^^C]  labeled  ethanolamine  to  form  a  [^^C]  labeled  amide  derivative 
of  the  metabolite.   The  resulting  derivatives  were  chromatographed  using 
high  pressure  liquid  chromatography  (HPLC)  and  quantitated  by  liquid 
scintillation  spectrometry.   From  the  ratios  of  [%]  and  [-'-'*C],  the  absolute 
amount  of  original  urinary  dif luoromethoxydif luoroacetic  acid  was  calculated. 

Major  Findings;   Rat  liver  microsomes  in  the  presence  of  NADPH  and 
oxygen  catalyzes  the  release  of  fluoride  from  enflurane  and  to  a  lesser 
extent  from  isoflurane.   When  C-H  bonds  of  he  CHCIF  group  of  enflurane  and 
the  CHCl  group  of  isoflurane  (CHF2OCHCICF3)  were  replaced  with  a  C-Cl  bond, 
virtually  no  F~  was  produced  from  either  derivative  in  liver  microsomes . 
Difluoromethoxydifluoroacetic  acid  (CHF2OCF2CO2H)  was  the  only  observed 
metabolite  of  enflurane  (CHF2OCF2CHCIF)  in  rat  liver  microsomes  in  vitro. 
Moreover,  the  formation  of  the  metabolite  in  rat  liver  microsomes  required 
NADPH  and  O2,  and  was  inhibited  when  SKF  525-A  or  C0;02  (8:2)  were  present 
in  the  reaction  mixture. 

A  new  analytical  procedure  for  the  quantitation  of  the  major  organic 
metabolite  of  enflurane,  difluoromethoxydifluoroacetic  acid,  was  also 
developed.   Application  of  this  technique  in  a  study  using  human  urine 
showed  total  urine  levels  of  90,  276  and  471  ^imole  of  this  meabolite  in 
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15-24  hr  urines  of  3  patients  following  enflurane  anesthesia.   In  addition, 
analysis  of  HPLC  effluent  by  absorption  at  210  nm  showed  that  little,  if 
any  chlorofluoroacetic  acid  was  present,  indicating  that  little  metabolism 
at  the  dif luoromethoxy  position  had  occurred. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
The  identification  of  CHF2OCF2CO2H  as  an  organic  acid  metabolite  of 
enflurane  in  rat  liver  microsomes  in  vitro  and  in  human  urine  shows 
directly  for  the  first  time,  that  the  C-H  bond  of  the  CHFCl  group  is  a 
site  of  metabolic  oxidation.  Virtually  no  chlorofluoroacetic  acid  was 
observed,  which  would  have  been  direct  evidence  of  an  oxidation  of  the 
C-H  bond  of  the  CHF2  group.  The  apparent  metabolic  stability  of  the  CHF2 
group  is  further  indicated  by  the  absence  of  F~  production  from 
CHF2OCFC2CI2F  and  CHF2OCCI2CF3  where  the  only  site  of  oxidative  defluori- 
is  the  CHF2  group. 

The  results  of  this  experiment  show  that  the  CHF2  can  be  incorporated 
into  the  design  of  new  Inhalation  anesthetics  without  being  appreciably 
metabolized  to  the  potential  kidney  toxin,  F~. 

Proposed  Course  of  Project:  We  intend  to  study  further  the  metabolism 
of  enflurane  and  other  general  anesthetics  in  humans  both  iri  vivo  and  in 
vitro.  The  results  of  these  studies  should  help  to  define  more  completely 
the  mechanism(s)  of  metabolism  of  this  group  of  drugs.  This  information  can 
then  be  employed  for  the  design  of  safer,  more  specific  acting  drugs. 

Publications: 

Gandolfi,  A.J.,  White,  R.D. ,  Sipes,  I.G.,  and  Pohl,  L.R.: 
Bioactivation  and  covalent  binding  of  halothane  iii  vitro; 
Studies  with  [%]  and  [-^^C]  halothane,  J.  Pharmacol.  Exper. 
Therap. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

By  virtue  of  having  a  center  of  assymetry  at  the  C-2  carbon,  the  enantio- 
metric  difference  in  metabolism  of  oxyprenolol,  a  p-adrenergic  blocking 
agent  widely  used  in  Europe,  has  been  investigated.   The  metabolism  of 
oxyprenolol  by  liver  microsomes  requires  oxygen,  TPNH  and  is  inhibited 
by  carbon  monoxide  atmosphere,  piperonyl  butoxide  and  SKF  525-A.   Thus  it 
appears  to  be  catalyzed  by  cytochrome  P-450.   The  comparative  studies  of 
the  corresponding  metabolism  by  two  isomers,  the  S  and  R  forms  of  oxy- 
prenolol, by  liver  microsomes  from  rat,  mouse,  guinea  pig,  hamster  and 
rabbit  demonstrate  clearly  that  the  stereospecif icity  of  the  dealkylation 
and  ring  hydroxylation  depends  on  animal  species. 
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Project  Description: 

Objectives;   Preliminary  work  on  the  ^  vivo  metabolism  of  oxyprenolol 
in  rats  carried  out  by  Wendel  Nelson  et  al^.  at  the  University  of  Washington 
revealed  that  more  of  the  R  isomer  of  oxyprenolol  was  converted  to  ring 
hydroxylated  metabolites  than  was  the  S^  isomer.   Their  observation  lead  us 
to  speculate  that  the  difference  in  the  metabolite(s)  may  be  reflected  upon 
the  stereospecific  metabolism  of  oxyprenolol  by  rat  liver.   Thus,  a  series 
of  studes  was  undertaken  to  delineate  the  underlying  mechanism  of  stereo- 
specific  metabolism  of  two  isomers  of  oxyprenolol,  that  is  S^  and  R^  forms. 

Methods  Employed:   In  order  to  minimize  the  loss  of  acrolein  (allyl 
aldehyde),  a  metabolite  of  oxyprenolol,  the  incubations  were  carried  out  in 
rubber  stoppered  Erlenmyer  flasks.   Acrolein  formed  from  oxyprenolol  during 
the  incubathion  was  trapped  by  the  presence  of  30  mM  semicarbazide.   The 
reaction  was  terminated  by  the  addition  of  two  volumes  of  methanol  to  pre- 
cipitate the  microsomes.   After  removal  of  the  protein  precipitate,  the 
aqueous  methanol  supernatant  was  evaporated  to  dryness  and  the  metabolites 
of  oxyprenolol  were  extacted  into  ethyl  acetate  from  the  aqueous  phase  (pH 
9.15-9.20).   Subsequently,  the  ethyl  acetate  phase  was  evaporated  to  dryness 
under  a  stream  of  nitrogen.   The  final  residue  was  dissolved  in  aqueous 
methanol  (1:1).   The  metabolites  in  the  methanol  were  analyzed  by  high 
pressure  liquid  chromatography  (Waters  Associate),  fitted  with  a  prepar- 
atory, jjBondapak  TM/C^g  column.   Each  metabolite  eluted  from  the  column 
was  identified  by  GC-massspectrometry . 

Major  Findings:   1)  The  addition  of  oxyprenolol  to  liver  microsomes  iso- 
lated from  rats  pretreated  with  phenobarbital  induced  a  typical  type  I 
spectral  change,  possessing  a  peak  at  388  nm  and  a  trough  at  423  nm.   2) 
The  N-  and  Odealkylation  of  oxyprenolol  by  rat  liver  microsomes  from  pheno- 
barbital treated  rats  required  oxygen  and  TPNH  and  were  inhibited  by  carbon 
monoxide,  piperonyl  butoxide  and  SKF  525-A,  suggesting  that  these  metabolic 
pathways  catalyzed  by  cytochrome  P-450  dependent  mixed-function  oxygenases. 

3)  The  profiles  of  the  metabolites  of  oxyprenolol  formed  by  liver  microsomes 
from  phenobarbital  (PB)  and  p-naphthof lavone  (BNF)  treated  rats  revealed 
that  both  BNF  and  PB  enhanced  the  rates  of  N-  and  0-dealkylation,  but  BNF 
pretreatment  also  enhanced  ring  hydroxylation  of  C-4  position.  Interestingly 
enough,  after  PB  pretreatment  there  was  no  detectable  ring  hydroxylation. 

4)  The  relative  rates  of  oxidation  of  the  £  and  the  R  isomers  of  oxyprenolol 
depends  not  only  on  the  animal  species  but  also  on  the  type  of  oxidation. 
For  example,  the  rates  of  0-dealkylation  of  the  S^  isomer  by  liver  microsomes 
isolated  from  rats,  rabbits  and  guinea  pigs  were  greater  than  those  of  the  R 
isomer,  whereas  with  hamsters  the  reverse  was  observed.   On  the  other  hand," 
the  rate  of  N-dealkylation  of  the  R  isomer  by  guinea  pig  was  greater  than 
that  of  the  S^  isomer.   No  other  species  exhibited  this  stereospecific  dif- 
ference.  Similarly  the  rates  of  ring  hydroxylation  at  the  C-4  positon  of 
the  R  isomer  by  liver  microsomes  from  rats,  guinea  pigs  and  rabbits  were 
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greater  than  those  of  the  S^  isomer.   Moreover,  the  rates  of  ring  hydroxy- 
at  the  C-5  position  of  the  R  isomer  by  liver  microsomes  from  mice  and 
guinea  pigs  were  greater  than  those  of  the  S^  isomer.   Interestingly  enough 
hamster  liver  microsomes  had  a  high  specificity  for  0-dealkylation  (2.5 
times  greater  than  that  or  rat  or  mouse  but  were  devoid  of  any  ring 
hydroxylase;  they  were  thus  similar  to  liver  microsomes  from  rats  treated 
with  PB.   5)  Kinetic  analysis  of  oxyprenolol  metabolism  by  liver  microsomes 
from  PB  treated  rats  revealed  two  affinity  sites  for  the  N-  and  0-dealk.yl- 
ation  of  both  isomers.   The  maximum  velocity  (V^gx)  of   the  high  affinity 
site  for  0-dealkylation  was  roughly  50%  greater  than  that  of  the  R  isomer, 
whereas,  there  was  no  difference  in  the  Vj^^^  values  between  the  two  isomers 
for  N-dealkylation.   Conversely,  the  kinetic  analysis  of  oxyprenolol  metabo- 
lism by  rat  liver  microsomes  from  BNF  treated  rats  revealed  that  the  V^^^. 
for  the  C-4  ring  hydroxylation  of  the  R  isomer  was  twice  that  of  the  S^ 
isomer.   There  was  no  difference  between  the  R^  and  S^  forms  for  the  0-dealkyl- 
ation and  between  the  R_  and  S_   forms  for  the  C-4  ring  hydroxylation  by  liver 
microsomes  from  BNF  treated  rats.   In  addition,  the  K^  values  for  these 
two  pathways  are  quite  similar,  which  raises  the  possibility  that  the  re- 
actions are  catalyzed  by  the  same  enzyme  in  BNF  treated  rats. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 
A  thorough  understanding  of  the  special  arrangement  of  drug  cytochrome 
P-450  interaction  in  hepatic  microsomes  through  the  use  of  stereoisomers 
should  shed  light  on  the  mechanism  of  the  cytochrome  P-450  enzymes. 

Proposed  Course  of  Project;   Since  there  are,  at  least,  three  distinct 
hydroxylations  of  oxyprenolol,  namely,  ring  hydroxylation,  N-  and  0-dealky- 
lations,  it  is  important  to  determine  which  reaction  is  catalyzed  by  which 
form  of  cytochrome  P-450  in  each  species.   The  kinetic  analysis  of  oxy- 
prenolol metabolism  from  S^  and  R^  isomers  should  be  carried  out  with  purified 
cytochroem  P-450  enzymes  isolated  liver  microsomes  from  either  PB  or  BNF 
induced  rats.   In  addition,  immunochemical  studies  with  antibodies  against 
specific  forms  of  cytochrome  P-450  should  provide  a  further  understanding 
of  oxyprenolol  cytochrome  P-450  interaction. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


The  major  pathway  of  chloramphenicol  (CAP,  RNHCOCHCI2)  metabolism  in 
rat  liver  microsomes  is  oxidative  dechlorination  to  CAP  oxamic  acid 
(RNHCO2H).   We  have  now,  however,  observed  at  least  5  additional 
^i-^or   metabolites  of  CAP  by  HPLC  analysis  of  incubation  mixtures. 
Two  of  these  metabolites  have  been  identified  by  comparison  of  their 
HPLC  retention  time  and  mass  spectra  with  authentic  compounds.   One  of 
the  compounds  is  p-nitrobenzyl  alcohol  (NO2C5H4CH2OH) .   This  metabolite 
is  only  produced  under  aerobic  incubation  conditions.   The  second  com- 
pounds is  monochloro-CAP  (RNHCOCH2CI ) .   In  contrast  to  the  first 
identified  metabolite,  this  product  is  only  produced  under  conditions 
of  low  oxygen  tension.   The  mechanism  of  formation  of  these  metabolites 
and  their  potential  bone  marrow  toxicity  is  currently  being  evaluated. 
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Project  Description: 

Objectives;   To  determine  if  a  metabolite  of  CAP  is  responsible  for 
aplastic  anemia  produced  by  this  compound. 

Methods  Employed:   Radiolabeled  CAP  was  incubated  with  rat  liver 
microsomes  from  phenobarbital  pretreated  rats  and  a  NADPH  generating 
system  in  an  atmosphere  of  air  or  nitrogen.   After  30  minutes,  the 
reactions  were  stopped  by  precipitating  the  microsomal  protein  with 
methanol.   The  methanol  supernatants  were  analyzed  by  HPLC  and  the 
metabolites  were  identified  by  mass  spectroscopy. 

Major  Findings;   When  CAP  was  incubated  with  rat  liver  microsomes 
in  air,  5  minor  metabolites  in  addition  to  the  major  metabolite,  CAP 
oxamic  acid,  were  detected.   One  of  the  compounds  has  been  purified  by 
preparative  HPLC  and  its  HPLC  retention  time  and  mass  spectrum  correspond 
to  an  authentic  sample  of  p-nitrobenzyl  alcohol.   When  the  incubations  are 
conducted  under  anaerobic  conditions,  one  major  metabolite  is  observed. 
This  compound  has  the  same  retention  time  and  u.v.  absorption  spectrum 
as  authentic  monochloro-CAP. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
Chloramphenicol  is  an  important  antibiotic.   Unfortunately,  approximately 
1  in  every  20,000  patients  who  are  administered  this  drug  develop  aplastic 
anemia.   How  CAP  produces  this  disease  is  unknown.   We  feel,  however,  that 
a  minor  metabolite  of  CAP  may  be  responsible  for  the  onset  of  aplastic 
anemia.   Consequently,  identification  and  testing  of  the  metabolite 
described  in  this  report  may  help  elucidate  this  medical  problem. 

Proposed  Course  of  Project;   We  plan  to  Identify  the  remaining  un- 
identified metabolites  of  CAP,  to  study  the  enzymatic  mechanism  for  the 
formation,  and  to  determine  if  they  are  toxic  to  bone  marrow. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords] 

An  assay  has  been  developed  for  measuring  bone  marrow  "growth"  In 
primary  tissue  culture.   This  procedure  involves  isolating  total 
bone  marrow  from  rat  femurs  and  measuring  the  incorporation  of 
[  H]  thymidine  into  DNA  and  [^^C]    glutamine  into  protein  during  3 
hours  of  incubation.   The  effect  of  CAP  and  its  various  identified 
and  potential  metabolites  on  these  incorporations  have  been  evaluated. 
At  a  concentration  of  1  mM  CAP  inhibited  bone  marrow  by  70%.   Two 
metabolites  of  CAP  were  significantly  more  potent  in  inhibiting  bone 
growth  than  CAP.   These  compounds  are  monochloramphenicol  and  p- 
nitrobenzaldehyde.   Whether  or  not  these  metabolites  or  others  are 
responsible  for  the  bone  marrow  toxicity  produced  by  CAP  remains  to 
be  determined. 


f^^ 


PHS-6040 
(Rev.  10-76) 


Project  No.  ZOl  HL  00933-01  LCP 


Project  Description: 


Objectives;   To  develop  an  In  vitro  assay  for  determining  if  a 
metabolite  of  CAP  could  be  responsible  for  the  bone  marrow  toxicity 
produced  by  this  drug. 

Methods  Employed;   Bone  marrow  was  obtained  from  femur  of  rats. 
Bone  marrow  growth  was  determined  by  measuring  the  incorporation  of 
[•^H]  thymidine  into  DNA  and  [   C]  glutamine  into  protein  over  a  period 
of  3  hours  of  incubation.   The  relative  bone  toxicity  of  CAP  and  several 
of  its  known  and  potential  metabolites  was  evaluated  by  determining  their 
effects  on  DNA  and  protein  synthesis. 

Major  Findings;   The  primary  cultures  of  bone  marrow  cells  in- 
corporated  [^H]  thymidine  and  [^  C]  glutamine  into  DNA  and  protein, 
respectively  during  3  hours  of  incubations.   CAP  at  a  concentration  of 
1  mM  inhibited  DNA  and  protein  synthesis  by  approximately  70%.   Of  the 
various  known  and  potential  metabolites  of  CAP  studied,  monochloro-CAP 
and  p-nitrobenzaldehyde  showed  the  greatest  inhibitory  activity.   At 
a  1  mM  concentration  monochloro-CAP  inhibited  DNA  and  protein  synthesis 
by  approximately  80%,  whereas  p-nitrobenzaldehyde  produced  a  98% 
inhibition. 

Signifiance  to  Biomedical  Research  and  Program  of  the  Institute: 
Because  aplastic  anemia  produced  by  CAP  is  rare,  we  have  felt  that  a 
minor  but  exceedingly  toxic  metabolite  may  be  responsible  for  this 
bone  marrow  disease.   The  assay  reported  in  this  investigation  can  be 
radily  employed  to  test  the  relative  bone  marrow  toxicity  of  metabo- 
lites of  CAP.   Two  such  compounds,  monochloro-CAP  and  p-nitrobenz- 
aldehyde appear  to  be  more  potent  then  CAP  in  inhibiting  bone  marrow. 
These  compounds  can  be  tested  in  vivo  to  determine  if  they  produce 
aplastic  anemia.   If  these  or  other  metabolites  of  CAP  are  shown  to 
be  responsible  for  aplastic  anemia  produced  by  CAP,  this  information 
can  be  employed  for  the  design  of  a  safer  derivative  of  CAP  which  is 
not  metabolized  to  a  bone  marrow  toxin. 

Proposed  Course  of  Project;   Other  newly  identified  metabolites 
of  CAP  will  be  tested  for  bone  marrow  toxicity  in  this  in  vitro 
assay.   The  procedure  will  also  be  adapted  to  study  human  bone  cells 
in  vitro.   Moreover,  we  plan  to  determine  if  bone  marrow  cells  can 
metabolize  CAP  into  toxic  metabolites. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


These  results  of  this  study  indicate  that  the  C-H  bond  of  the  di- 
fluoromethyl  group  of  enflurane  is  not  significantly  susceptible  to 
metabolic  oxidative  defluorination.   This  finding  can  be  used  for  the 
rational  design  of  new  inhalation  anesthetics  which  will  not  be  appreciably 
metabolized  to  fluoride  ion.   The  study  also  demonstrates  an  important 
use  of  specifically  deuterated  derivatives  for  readily  determining  the 
major  pathways  of  defluorination  of  enflurane  in  various  microsomal 
preparations. 
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Project  Description! 

Objectives;   To  employ  specifically  labeled  deuterium  derivatives  of 
enflurane  (CHF2OCF2CHCIF)  to  determine  whether  this  inhalation  anesthetic 
is  metabolized  to  the  potential  kidney  toxin,  F~  by  oxidation  of  the  C-H 
bonds  of  the  difluoromethoxy  group  (CHF2)  or  the  chlorof luoromethyl  group 
(CHCIF). 

Methods  Employed;   The  rates  of  defluorination  of  enflurane  (CHF2- 
OCF2CHCIF)  and  its  various  deuterated  derivatives  in  liver  microsomes 
from  rats  pretreated  with  phenobarbital  (PB)  on  isoniazid  (ISO)  were 
measured  with  a  specific  ion  F~  electrode. 

Major  Findings;   The  results  expressed  as  nmole  F~/mg  protein/30  min 
for  incubation  with  microsomes  from  PB  or  ISO  pretreated  rats  are  as 
follows;   F"  released  from  CDF2OCF2CDCIF  (PB,  0.4;  ISO,  2.5)  and  CHF2OCF2- 
CDCIF  (PB,  0.4;  ISO,  2.9)  were  nearly  identical  but  significantly  lower 
than  that  released  from  enflurane,  CHF2OCF2CHCIF  (PB,  1.1;  ISO,  12.3). 
In  contrast,  incubations  with  CDF2OCF2CHCIF  (PB,  1.0;  ISO,  12.4)  yielded 
virtually  the  same  amount  of  F~  as  found  with  enflurane  (CHF2OCF2CHCIF) . 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
The  results  of  these  experiments  confirm  the  general  use  of  deuterium 
labeled  compounds  for  the  elucidation  of  pathways  of  bloactivation  of 
various  halocarbon  drugs.  The  primary  deuterium  isotope  effects  observed 
in  the  present  report  strongly  suggest  that  only  the  C-H  bond  of  the  CHCIF 
group  of  enflurane  (CHF2OCF2CHCIF)  is  susceptible  to  oxidative  defluori- 
nation. This  finding  can  be  employed  for  the  design  of  a  safer  general 
anesthetic  that  is  not  metabolized  to  the  potential  kidney  toxin  F~. 

Proposed  Course  of  Project;  The  general  approach  described  in  this 
project  of  employing  deuterium  labeled  derivatives  to  elucidate  metabolic 
and  toxicologic  mechanisms  is  being  used  in  other  projects. 
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Investigation  of  the  mechanism  of  defluorination  of  enflurane  in 
rat  liver  microsomes  with  specif icially  deuterated  derivatives. 
Biochem.  Pharm.  29;   1623-1626  (1980). 

Sipes,  I.G.,  Gondolfi,  A.J.,  Pohl,  L.R.,  Krishna,  G.  and  Brown,  B.R., 
Jr.:  Comparison  of  the  biotransformation  and  hepatotoxicity  of  halothane 
and  deuterated  halothane.   J.  Pharmacol.  Exp.  Therap.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Pretreatment  of  rats  with  isoniazid  or  hydrazine  results  in  the  increase 
rate  of  defluorination  of  the  general  anesthetic  enflurane  by  rat  liver 
cytochrome  P-450.   Other  microsomal  enzymes,  such  as  epoxide  hydrase, 
cytochrome  b5  5  and  cytochrome  P-450  reductase  are  not  affected  by  this 
treatment.   Analysis  of  the  composition  of  rat  liver  microsomes  by  SDS 
polyacrylamide  electrophoresis  indicates  that  the  pretreatment  with 
isoniazid  or  hydrazine  does  not  obviously  alter  the  relative  abundance 
of  the  various  forms  of  cytochrome  P-450.   Moreover,  addition  of  di- 
lauryl  phosphatidyl  choline  to  microsomes  treated  with  acetone  and  butanol 
(to  remove  lipid)  restored  the  defluorination  activity  to  the  same  activity 
as  the  controls.   Thus  it  seems  possible  that  pretreatment  of  rats  with 
isoniazid  may  alter  the  lipid  composition  of  the  microsomal  membranes  and 
thereby  change  the  conformation  of  the  membrane  bound  cytochrome  P-450  and 
its  enzymatic  activity. 
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Project  Description: 

Objectives;   A  recently  reported  case  of  F~  induced  toxicity  following 
enflurane  administration  is  thought  to  have  been  associated  with  previous 
chronic  administration  of  isoniazid.   Indeed,  we  and  other  workers  have 
demonstrated  that  pretratment  of  rats  with  isoniazid  leads  to  increased 
in  vitro  defluorination  of  enflurane  to  F~.   The  objective  of  the  current 
investigation  is  to  characterize  further  the  biochemical  nature  of  this 
inductive  effect,  to  determine  whether  or  not  it  is  a  generalized  property 
of  drugs  and  environmental  pollutants  containing  the  hydrazine  moiety  and 
to  what  extent  this  induction  may  affect  the  metabolism  and/or  toxicity 
of  other  drugs. 

Methods  Employed:   [  H]  Enflurane  was  synthesized  by  an  exchange  re- 
action with  an  alkaline  solution  of  tritiated  water  as  illustrated  in 
another  report  (ZOl  HL  00928-01  LCP).   Rat  liver  cytochrome  P-450  cata- 
lytic activity  was  assayed  by  measuring  the  metabolism  of  enflurane  to 
F~  and  CF2HOCF2CO2H.   Cytochrome  P-450  and  cytochrome  P-450  reductase, 
from  the  livers  of  control  and  treated  animals,  were  partially  purified 
via  anion  exchange  chromatography.  An  HPLC  assay  for  styrene  oxide 
and  styrene  diol  was  developed  and  used  to  monitor  epoxide  hydrase 
activity.   The  assays  used  for  cytochrome  b5,  cytochrome  P-450  reductase, 
glutathione  transferase,  glutathione  and  extraction  of  microsomal  lipids 
were  conducted  by  standard  literature  methods.   SDS  polyacrylamide  gel 
electrophoresis  was  also  performed  by  a  standard  literature  procedure. 

Major  Findings;   Pretreatment  of  Fischer  and  Sprague  Dawley  rats 
with  isonlazod  (50  mg/kg  i.p.  daily  for  7  days)  and  Sprague  Dawley  rats 
with  hydrazine  (15  mg/kg  i.p.  daily  for  7  days),  or  (50  mg/kg  i.p.  for 
1  day)  led  to  a  marked  increase  of  the  in  vitro  defluorination  of  en- 
flurane without  changing  the  concentration  or  spectral  properties  of 
cytochrome  P-450.   This  effect  could  not  be  produced  by  preincubation 
of  control  microsomes  with  isoniazid,  hydrazine  or  N-acetylhydrazine, 
which  suggests  that  it  is  not  due  to  a  simple  activtion  of  an  existing 
enzyme.   Comparisons  of  the  anion  exchange  column  chromatography  of  the 
detergent  solubilized  microsomal  preparation  from  control,  Isoniazid  and 
hydrazine  pretreated  animals  showed  alterations  in  the  second  peak 
eluting  from  the  columns  of  the  isoniazid  and  hydrazine  microsomes. 
However,  SDS  electrophoresis  of  the  various  microsomal  preparations  did 
not  show  significant  differences  in  the  relative  abundance  of  their 
proteins. 

Since  hydrazine  has  been  reported  to  cause  fatty  liver  and  alter  the 
ratio  of  neutral  lipids  to  phospholipid  in  the  liver  via  induction  of 
the  activity  of  microsomal  phosphatidate  phosphohydrolase,  we  were  led 
to  believe  that  the  increased  defluorination  activity  might  be  due  to 
changes  in  the  microsomal  membrane  lipid  composition. 
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In  an  attempt  to  more  directly  demonstrate  the  dependence  or  lack  of 
dependence  of  enflurane  defluorination  on  lipid,  microsomal  preparations 
from  both  one  day  and  seven  day  pretreated  animals  were  delipidated  with 
butanol  and  acetone.   These  procedures  resulted  in  a  total  loss  of  de- 
fluorinase  activity  which  could  be  reconstituted  to  only  control  levels 
by  addition  of  synthetic  dilaurylphosphatidyl  choline.   These  results, 
therefore,  suggest  that  isoniazid  and  hydrazine  might  induce  the  defluori- 
nation of  enflurane  by  altering  the  lipid  composition  of  the  microsomes. 

In  contrast  to  the  increased  activity  of  cytochrome  P-450,  pretreat- 
ment  with  isoniazid  or  hydrazine  did  not  alter  the  activities  of  other 
microsomal  enzymes  such  as  cytochrome  b5,  cytochrome  P-450  reductase, 
or  epoxide  hydrase,  nor  did  the  treatments  change  the  glutathione  con- 
centrations or  GSH  transferase  activities  in  the  cytosol. 

Moreover,  in  contrast  to  the  liver,  the  amount  of  enflurane  defluori- 
nation by  the  kidney  microsomes  (5%  of  liver)  was  decreased  by  hydrazine 
pretreatment  whereas  there  was  no  measureable  defluorination  by  lung 
microsomes  from  either  control  or  hydrazine  pretreated  animals. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
These  results  indicate  that  the  activation  of  enflurane  defluorination 
by  isoniazid  could  be  produced  by  its  metabolite  hydrazine.   At  the 
present  time,  this  effect  does  not  appear  to  be  due  to  an  induction  of 
new  protein.   Instead,  it  may  be  due  to  a  change  in  the  lipid  composition 
of  the  microsomal  membranes.   This  could  potentially  result  in  a  confor- 
mational change  of  cytochrome  P-450  which  could  alter  its  catalytic 
activity.   Thus,  isoniazid  may  increase  the  activities  of  cytochrome  P-450 
enzymes  by  a  hitherto  unsuspected  mechanism. 

Proposed  Course  of  Project;   The  immediate  direction  of  the  research 
will  focus  on  the  question  of  whether  the  increase  of  enflurane  de- 
fluorination following  pretreatment  with  hydrazine  is  actually  due  to 
alterations  of  lipid  and/or  induction  of  a  new  form  of  P-450.   Attempts 
will  be  made  to  determine  whether  liposomes  from  total  lipids  extracted 
from  microsomes  of  either  control  or  hydrazine  pretreated  animals  can 
activate  delipidated  microsomes  to  differing  degrees.   These  same  total 
lipids  will  also  be  analyzed  to  determine  whether  or  not  their  compositions 
are  different.   The  individual  bands  from  the  anion  exchange  column  of 
microsomes  will  be  reconstituted  and  assayed  to  determine  which,  if  any, 
band  contains  the  defluorinase  activity  and  whether  or  not  this  activity 
is  affected  by  antibodies  to  known  cytochrome  P-450' s.   These  bands  will 
also  be  compared  on  SDS  electrophoresis  in  search  of  a  new  band  of  cyto- 
chrome P-450.   Rabbits,  guinea  pigs,  mice  and  hamsters  will  be  treated 
with  hydrazine  in  search  of  a  noninducible  species  or  strain  to  use  as 
a  tool  to  probe  the  mechanism  of  induction.   Further  work  will  focus  on 
the  questions  of  whether  or  not  other  hydrazine  containing  drugs  such  as 
hydralazine,  carbidopa,  procarbazine  and  phenylbutazone  have  similar 
inductive  effects. 

Publications:   None 

3  ¥-/^ 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  Of 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  HL  00936-01  LCP 


'8y^°ob°^^^^'^,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Formation  of  Reactive  Metabolites  of  Acetaminophen  by  Different  Enzyme  Systems 

NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


OTHER: 


Henry  A.  Sasame 
Jack  A.  Hinson 

James  R.  Gillette 


Chemist  LCP       NHLBI 

Sr.  Staff  Fellow    LCP       NHLBI 

Chief  LCP       NHLBI 


COOPERATING  UNITS  (if  any) 
None 


lab/branch 
Lahnratnry  of   Chemical    Pha 


rmacology 


section 
Enzyme  Drug  Interaction 


institute  and  location 
NHLRT.    NTH.    Rpthpsria,    Md .    ?n?n:i 


total  MA^YEARS:* 


PROFESSIONAL: 


0.3 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)  HUMAN  SUBJECTS 

D  (al)  MINORS   n  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


a  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Acetaminophen  may  be  converted  to  chemically  reactive  metabolites  by 
either  horseradish  peroxidase  and  H2O2  or  cumene  hydroperoxide 
and  hamster  microsomes.   Moreover,  acetaminophen  rapidly  converts 
complex  II  of  horseradish  peroxidase  to  its  native  form  indicating 
that  acetaminophen  can  be  oxidized  by  an  one  electron  system.   Whether 
the  formation  of  the  chemically  reactive  metabolite  of  acetaminophen 
formed  by  NADPH  and  hamster  liver  microsomes  occurs  by  a  peroxidase- 
like  mechanism  remains  to  be  deteirmined. 
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Project  Description: 


Objectives:   It  seems  possible  that  N-acetylimidoquinone  is  the 
chemically  reactive  metabolite  of  acetaminophen  formed  by  hamster 
liver  microsomes.   But  the  mechanism  by  which  this  metabolite  might 
be  formed  is  obscure.   One  possibility  is  that  acetaminophen  is  oxidized 
by  a  peroxidase  mechanism  in  which  the  substrate  is  oxidized  by  two  single 
electron  steps.   Another  possibility  is  that  acetaminophen  is  oxidized 
by  a  single  two  electron  step.   To  evaluate  the  plausibility  of  these 
mechanisms  we  have  studied  the  oxidation  of  acetaminophen  by  horse- 
radish peroxidase  plus  H2O2  and  hamster  liver  microsomes  plus  cumene 
hydroperoxide . 

Methods  Employed;   Liver  microsomes  were  isolated  from  hamsters  by 
standard  procedures.   Two  unidentified  metabolites  were  detected  in 
high  pressure  liquid  chromatography.   Spectrometric  determinations  were 
carried  out  in  Aminco  DW-2  spectrophotometer. 

Major  Findings;   On  the  addition  of  2.5  nmoles  of  H2O2  to  2.5  nmoles 
horseradish  peroxidase  in  the  presence  of  10  mg  of  bovine  serum  albumin, 
complex  I  (2  electron  state)  was  formed  instantaneously  and  then  was  rapidly 
converted  to  complex  II  (one  electron  state)  owing  to  the  presence  of 
endogenous  substrates  of  horseradish  peroxidase  in  the  preparations. 
On  the  addition  of  acetaminophen,  however,  the  complex  II  was  in- 
stantaneously converted  to  the  native  state  of  horseradish  peroxidase. 
Thus,  acetaminophen  can  be  oxidized  by  a  single  electron  mechanism.  When 
5,  2.5  or  1.25  nmoles  of  radiolabeled  acetaminophen  was  added  to  the 
system,  1.0,  0.3  or  0.008  nmoles  of  the  radiolabeled  acetaminophen 
metabolite  was  covalently  bound  to  the  albumin.   In  the  presence  of  0.2 
mM  H2O2  and  1.0  mM  acetaminophen,  horseradish  peroxidase  converted 
acetaminophen  to  two  unidentified  metabolites,  which  were  detected  by 
high  pressure  liquid  chromatography.   The  molar  ratio  of  acetaminophen 
disappearance  over  H2O2  consumed  was  2  to  1.  In  the  presence  of 
both  H2O2  and  bovine  serum  albumin   C-ring  labeled  acetaminophen  was 
covalently  bound  to  bovine  serum  albumin. 

Cumene  hydroperoxide  added  to  hamster  liver  microsomes  induced  a 
spectral  change  having  a  trough  at  418  mu  and  a  peak  at  440  mu,  which 
indicates  the  formation  of  a  complex  thought  to  be  analogous  to  complex 
I  of  horseradish  peroxidase.   As  time  elapses  the  magnitude  of  the 
trough  becomes  greater  whereas  the  peak  height  at  440  mu  slowly  decreases 
and  shifts  toward  higher  wave  length  (445  mu).   In  the  presence  of 
acetaminophen  the  initial  magnitudes  of  the  trough  and  the  peaks  were 
much  smaller  but  the  peak  at  440  mu  increased  with  time.   Consequently, 
there  were  two  different  points  of  inflection;   with  acetaminophen  402 
mu  and  435  mu;  and  without  acetaminophen  432  mu  and  450  mu.   In  the 
presence  of  0.5  mM  cumene  hydrperoxide  and  1.0  mM  acetaminophen,  7.7 
nmoles/ml  of  radiolabeled  metabolite  of  acetaminophen  was  covalently  bound 
to  hamster  microsomes. 
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When  NADPH  was  added  to  hamster  liver  microsomes  In  the  presence  of 
acetaminophen,  we  could  obtain  no  evidence  for  a  spectral  change  com- 
parable to  the  complexes  I  or  II  of  horseradish  peroxidase  or  the  changes 
caused  by  cumene  hydroxperoxlde. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
An  understanding  of  the  formation  of  reactive  Intermediate  from 
acetaminophen  should  shed  some  light  on  the  nature  of  Its  toxicity. 

Proposed  Course  of  Project;  Hamster  microsomal  cytochrome  P-450 
enzyme  will  be  solublllzed  and  purified.  Using  the  reconstituted 
compound  P-450  enzyme  systems,  we  shall  compare  the  activation  of 
acetaminophen  by  TPNH,  H2O2  and  of  cumene  hydroperoxide. 

Publications:   None. 
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October  1,  1980,  through  September  30,  1981 


The  efforts  of  the  Laboratory  of  Chemistry  continue  to  be  divided  among  two 
main  activities,  one  chemical  (Sections  on  Chemical  Structure  and  Nuclear 
Magnetic  Resonance)  and  the  other  biochemical  (Section  on  Physiological 
Chemistry).   The  latter  will  be  reviewed  separately  and  appended  to  this 
report  by  its  Section  Head,  Dr.  J.  Pisano. 

In  chemistry,  our  laboratory  is  currently  active  in  three  main  areas: 
(1)  isolation  and  analysis  of  biologically  important  compounds  using  gas  and 
high  pressure  liquid  chromatography,  (2)  structural  analysis  using  mass 
spectrometry,  nuclear  magnetic  resonance,  X-ray  single  crystal  methods,  and 
(3)  computer  organization  and  analysis  of  scientific  data. 

Liquid  chromatography  continues  to  increase  in  application  in  the  laboratory. 
It  has  been  applied,  both  analytically  and  preparatively  (H.  Lloyd)  to: 
1)  prostacyclin  inhibitors  (and  potential  molluscicides)  from  Anacardium 
occidentale  (6-n-alkylsalicyclic  acids);  2)  identification  of  2-pyrrolidone 
in  rat  brain;  and  3)  a  sulfur-containing  nucleoside  from  bacteria.   The  method 
is  also  being  used  for  the  analysis  of  plasma  verapamil  (T.  Jaouni)  where  the 
technique  has  been  improved  to  include  analysis  of  the  main  metabolite, 
N-demethyl  verapamil  in  the  same  analysis. 

In  mass  spectrometry,  the  MS-9,  even  after  reconditioning  continues  to  be 
less  than  satisfactory,  while  the  older  LKB-9000  and  newer  LKB-2091  provide 
most  analyses  of  the  laboratory.   A  data  system  due  to  arrive  shortly 
should  make  the  latter  even  more  valuable.   Capillary  GC  systems  were 
tried  with  only  moderate  success;  improvements  will  have  to  be  made  on 
their  injectors. 

A  chemical  ionization  modification  kit  has  been  received  for  the  LKB-2091. 
Because  the  LKB-GC/MS  company  has  gone  out  of  business,  we  will  be  required 
to  do  all  of  our  own  service.   This  has  been  our  custom  for  many  years 
so  we  foresee  no  difficulty,  but  we  have  initiated  a  semiannual  "LKB 
Newsletter"  to  maintain  contact  between  users. 

OCT 

The    Cf   plasma  desorption  mass  spectrometer  being  built  for  us  by  Texas 
A&M  has  run  its  first  spectra  and  should  be  completed  on  schedule.   A  recent 
visit  disclosed  that  our  earlier  idea  of  using  a  minimal  microprocessor- 
oriented  data  system  is  not  practical.   With  DCRT  support,  a  larger  system 
will  be  investigated. 
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In  nmr  spectrometry,  the  Nicolet  high  field  superconducting  system  has  arrived 
and  is  now  providing  good  routine  spectra.   In  respect  to  its  probe,  we 
do  not  feel  it  is  operating  as  well  as  it  might;  the  company  is  attempting  to 
overcome  what  may  be  certain  inherent  disadvantages  of  a  wide  range  probe. 

For  the  record,  the  collaboration  of  Dr.  James  Ferretti  (DCRT)  has  been 
especially  helpful  during  these  early  days  of  machine  usage.   Even  at  its 
present  level,  the  apparatus  has  been  valuable  in  determining  the  structures 
(R.  J.  Highet)  of  a  series  of  dendrobated  frog  poisons  of  great  interest 
in  ion  transport  (J.  Daly,  NIAMDD). 

Spin-lattice  relaxation  times  of  lipoproteins  AI  and  All  have  been  conducted 
using  l^C  enriched  samples  (E.  Sokoloski).   Difficulties  with  the  buffer  have 
been  overcome  and  solute-solvent  interactions  of  the  proteins  will  be  studied. 

Lithium-7  and  magnesium-25  resonances  have  been  successfully  observed  with  the 
new  spectrometer  and  binding  to  ATP  is  under  study. 

In  X-ray  crystallography  (J.  Silverton)  the  apparatus  continues  to  provide 
excellent  data  in  spite  of  a  temporary  setback  due  to  failure  of  a  water 
cooling  line.   A  special  program  has  been  written  (J.  Silverton)  to  allow 
measurement  of  weak  reflections  to  any  desired  accuracy  for  determination  of 
absolute  configuration.   Operation  of  the  entire  instrument  has  been  eased  by 
updating  of  the  dif f ractometer  computer  last  year.   Complete  structures 
have  been  obtained  for  epoxycolchicine  (A.  Brossi  NIAMDD),  palustric  acid, 
an  anti-malarial  drug  (J.  Scovill,  Walter  Reed),  very  small  crystals  of  a 
carcinogenic  phenanthrene  (D.  Jerina  NIAMDD)  and  polymorphs  of  the  chiral  and 
racemic  tartaric  acid  methyl  esters.   A  photochromic  quinoline,  reversibly 
turning  red  on  exposure  to  UV  was  investigated,  but  X-rays  caused  the 
photochromisra  (due  to  impurities?)  to  cease  so  the  problem  was  abandoned. 

In  an  interesting  twist,  the  structure  of  a  synthetic  nucleotide  (T.  Miles, 
NIAMDD)  was  refined  to  an  R-f actor  of  2.3%  and  revealed  unusual  features  that 
question  accepted  wisdom  on  conformation  of  these  substances.   The  packing 
is  not  controlled  by  intramolecular  hydrogen  bonds  and,  as  in  the  early 
Pauling-Corey  DNA  molecule,  the  phosphate  groups  are  in  the  interior  of  the 
water-bridge-linked  helices  with  the  bases  on  the  periphery.   This  result  does 
not  challenge  the  Watson-Crick  model,  but  indicates  that  the  earlier  proposal 
was  not  as  unreasonable  as  recently  claimed. 

The  NIH/EPA  Chemical  Information  System  (G.  Milne)  now  has  17  different 
components  including  mass  spectral  search,  ^-^C  nmr  search,  nmr  and  crystal- 
lographic  bibliographic  search,  structure  and  nomenclature  search,  crystal 
X-ray  diffraction  data  search,  powder  diffraction  data  search,  water 
pollutant  search,  search  for  chemicals  in  the  Federal  Registers,  statistical 
analysis  package,  prediction  of  chemical  properties  from  structure, 
regulatory  status  of  chemicals,  and  spills  of  hazardous  chemicals.   Over  700 
scientists  use  one  or  more  of  the  systems  and  35,000  searches  are  conducted 
monthly. 
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Other  compounds  whose  structures  have  been  solved  in  our  laboratory  this 
year  include:  the  components  of  several  secretions  (pyrrolidones ,  pyrroli- 
zidines,  terpenes)  from  insects  (M.  Blum,  U.  of  Georgia),  31-norcycloartenol, 
methyl -branched  fatty  acids  from  the  anal  gland  of  Herpestes  sp. ;  a  glutathione 
metabolite  of  chloroform  (L.  Pohl  NHLBI);  the  structure  of  "diacetyl 
diethylmaleate";  and  the  analgesic  ascorbic  acid-glyoxal  adduct  (G.  Fodor, 
U.  of  W.Va.). 

In  addition,  a  series  of  investigations  are  being  conducted  on  urines  of 
patients  having  unusual  nerve  disorders  to  see  if  there  are  lipid  abnor- 
malities of  genetic  origin  (B.  Blumenkopf,  K.  Engel.NINCDS),  and  lung 
chemotaxis  factor  (G.   Hunninghake,  R.  Crystal  NHLBI).   These  will  be 
discussed  next  year. 
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Kalllkrein-Klnln  System:   Kininogen  has  been  localized  in  cells  of  distal 
tubules,  collecting  ducts,  and  medullary  rays  of  human  kidney  by  use  of  mono- 
specific antibody  raised  to  human  plasma  low  molecular  weight  kininogen  (LMW 
Kgn)  and  the  indirect  immunof luorescent  technique.   Fluorescence  was  usually 
more  intense  on  the  luminal  side  of  the  cells.   No  fluorescence  was  observed 
with  antibody  specific  for  high  molecular  weight  kininogen  (HMW  Kgn) .   Normal 
urine  also  contains  kininogen.   Radioimmunoassays  (RIA)  for  LMW  Kgn  and  HMW 
Kgn  have  been  used,  together  with  a  kinin  RIA,  to  characterize  urokininogen. 
All  releasable  kinin  was  associated  with  kininogen  antigen.   Human  urokinin- 
ogen antigen  is  a  mixture  of  intact  LMW  Kgn  and  breakdown  products  of  both  HMW 
and  LMW  Kgns.   Cells  of  the  distal  nephron  probably  are  a  source  of  LMW  kinin- 
ogen while  HMW  Kgn  fragments  represent  filtered  breakdown  products  of  plasma 
HMW  Kgn.   Since  kallikrein  is  also  localized  in  the  distal  nephron,  kinins 
are  probably  produced  at  this  site  through  the  interaction  of  local  substrate 
and  enzyme.   The  significance  of  numerous  earlier  studies  from  other  labora- 
tories involving  injection  of  kinins  into  the  renal  artery  may  now  be  ques- 
tioned as  kinins  are  probably  never  present  in  the  glomerulus  in  significant 
quantity  and  furthermore,  they  are  rapidly  destroyed  in  the  proximal  tubule 
but  are  recoverable  in  high  yield  from  the  distal  tubule.   The  major  site  of 
kinin  action  in  the  kidney  may  be  in  the  distal  nephron.   Other  observations 
on  kininogen:   Immunoreactive  LMW  Kgn  appears  to  be  present  in  whole  human 
saliva,   HMW  Kgn  appears  to  be  decreased  in  some  patients  with  hereditary 
angioedema  and  carcinoid  syndrome.   Both  HMW  Kgn  and  prekallikrein  appear  to 
decrease  in  plasma  of  women  immediately  after  parturition.   In  both  human 
urine  and  parotid  saliva,  glandular  kallikrein  increases  in  normal  volunteers 
on  a  low  salt  diet  or  after  administration  of  Fludrocortisone.   Immunoreactive 
glandular  kallikrein  has  been  detected  in  rat  plasma  using  an  RIA  for  rat 
urinary  kallikrein  (RUK) .   Gel  filtration  of  rat  plasma  revealed  3  peaks  of 
antigen.   Only  the  third  peak  (Peak  3)  showed  immunological  identity  to  RUK. 
Bilateral  nephrectomy  significantly  increased  the  antigenic  content  of  whole 
plasma  antigen  and  of  Peak  3.   No  significant  difference  in  either  whole  plasma 
antigen  or  gel  filtration  profile  was  seen  when  pancreatectomized  rats  were 
compared  to  sham-operated  controls,  but  both  whole  plasma  antigen  and  the  anti- 
genic content  of  Peak  3  were  significantly  reduced  after  bilateral  submandi- 
bular/sublingual gland  excision.   Antigen  was  detected  in  rat  renal  lymph  but 
the  level  was  not  significantly  different  from  plasma  levels  and  no  arterio- 
venous difference  in  antigen  could  be  detected  across  the  kidney.   Peak  3  was 
indistinguishable  from  purified  rat  glandular  kallikreins  by  gel  filtration. 
Purified  Peak  3,  however,  had  no  activity  against  kininogen  or  the  chromogenic 
substrate  S-2266,  was  not  activated  by  trypsin,  and  showed  a  consistently 
smaller  M   (29  500)  on  SDS-polyacrylamide  gel  electrophoresis  than  that  of  RUK 
(32  000) .   Hence,  glandular  kallikrein  circulates  in  rat  plasma  in  an  inactive 
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form.   The  submandibular  and  sublingual  glands  appear  to  be  the  major  source 
of  the  plasma  antigen  and  the  kidney  plays  an  important  role  in  the  clearance 
and/or  metabolism  of  glandular  kallikrein  from  plasma. 

Two  highly  specific  and  potent  polypeptide  inhibitors  of  Hageman  factor 
(Factor  XII)  have  been  purified  from  corn  kernels  (M  =  3o200-4  200;  pi  =  8.3). 
These  inhibitors  have  very  similar  K.s,  2.4  and  3.3  x  10  M,  respectively;  form 
1:1  molar  complexes  with  trypsin  and  Hageman  factor  fragments;  have  arginine 
at  the  P  position  of  the  reactive  site;  and  cause  marked  prolongation  of  the 
activated  partial  thromboplastin  time  of  human  plasma.   While  both  inhibit 
trypsin,  they  show  no  or  negligible  inhibiton  of  human  plasma  and  urinary 
kallikreins,  plasmin,  a-thrombin,  hog  pancreatic  kallikrein,  bovine  Factor  Xa, 
and  a-chymo trypsin.   Such  narrow-spectrum  serine  proteinase  inhibitors  are 
extremely  rare  and  thus  may  be  useful  in  biochemical  and  clinical  studies 
involving  Hageman  factor.   Affinity  chromatography  of  both  inhibitors  on 
trypsin-agarose  causes  a  considerable  loss  of  inhibitory  activity  towards 
Hageman  factor.   No  loss  of  activity  was  seen  if  chromatography  was  performed 
on  anhydrotrypsin-agarose.   An  identical  pattern  of  results  was  seen  with  the 
lily  bulb  inhibitor  of  human  urinary  kallikrein.   SDS-PAGE  of  human  plasma 
prekallikrein  activated  by  brief  contact  with  catalytic  amounts  of  Hageman 
factor  fragments  showed  a  heavy  chain  of  M  53  000  and  two  light  chains  of 
M  40  000  and  37  000,  corresponding  to  the'^SS  000-  and  85  000-dalton  forms  of 
prekallikrein  observed  by  us  and  others.   Further  incubation  in  the  presence 
of  excess  Hageman  factor  corn  inhibitor  converts  the  53  000-dalton  chain  into 
two  fragments  of  M  33  000  and  20  000.   This  further  degradation  is  presumably 
caused  by  plasma  kallikrein  itself. 
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SUMMARY  OF   WORK    (200  words  or  less  -  underline   keywords) 

Carbon-13  nuclear  magnetic  resonance  of  human  apo-proteins  AI  and  All  is 
being  used  to  examine  the  interactions  between  the  proteins.   Proton  nmr  of 
frozen  protein  solutions  give  residual  signals  from  water  molecules  excluded 
from  the  ice  lattice  because  of  solvent- solute  interactions. 

Observation  of  lithium  and  magnesium  complexes  by  nmr  are  in  early  stages. 
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Objectives:   The  research  is  concentrated  In  two  main  areas  1)  studies  of 
lipoproteins  A-I  and  A-II  complexes,  and  2)  observation  of  less  familiar  Ions 
like  magnesium  and  lithium  In  the  presence  of  complexlng  agents  found  In  bio- 
logical systems.  During  the  past  year  we  have  been  preparing  the  foundation 
for  future  work  with  these  systems. 

Carbon-13  studies  of  the  human  apo-proteln  A-II  were  started  over  a  year 
ago  with  several  attempts  at  spin-lattice  relaxation  time  (T^ )  determinations 
of  the  A-II  which  had  been  modified  by  reaction  with  carbon-l3  enriched  iodo 
acetic  acid  for  the  carbon-13  studies.   Spin- lattice  relaxation  times  of  so- 
lutions of  this  material  were  measured;  unfortunately,  we  were  misled  by  a 
resonance  from  the  buffer  which  occurred  at  the  position  expected  for  the 
enriched  protein  carbon  resonance.  Annoylngly,  this  signal  responded  to  changes 
In  parameters  just  as  we  had  expected  the  protein  Itself  to.   Nevertheless,  we 
were  able  to  show  an  unexpectedly  strong  solvent-solute  Interaction  which  will 
be  useful  In  future  studies.   Subsequent  experiments  with  a  different  buffer 
system  have  provided  data  with  a  spin- lattice  relaxation  value  of  0.43  seconds 
for  A  II.  We  are  now  collecting  data  on  the  variation  of  this  value  for  mixed 
AI-AII  solutions.   As  an  addition  to  the  above  experiments,  we  have  examined 
the  solvent  Interactions  by  observing  the  proton  resonances  of  the  solvent  in 
the  crystalline  state.   Resonance  lines  from  solids  are  not  ordinarily  observ- 
able, giving  extremely  broad  lines.   Any  residual  resonance  can  be  attributed 
to  solvent  which  is  either  bound  in  the  hydration  shell  of  the  protein  or 
otherwise  interacting  with  the  protein  and  excluding  it  from  the  ice  lattice. 
Observations  of  several  buffer  systems,  lipoproteins  and  chymotrypsinogen  give 
such  resonances.   Using  this  method,  we  propose  examining  the  solvent- solute 
interactions  of  the  apo-proteln  AI  and  All. 

The  second  category  of  work  in  progress  is  the  study  of  metal  ions  with 
our  newly  acquired  NTC-360  multi-nuclear  spectrometer.   Both  lithium-7  and 
magneslum-25  resonances  have  been  observed  during  the  past  two  months.   Pre- 
liminary concentration  vs.  chemical  shift  and  half -bandwidth  measurements  of 
lithium  chloride  solutions  have  been  completed.   The  next  step  will  be  to 
observe  complexes  of  the  lithium  with  compounds  of  Interest  like  adenosine 
triphosphate  to  determine  variations  of  chemical  shift  with  binding.   Spectra 
of  magnesium-25  in  the  presence  of  ATP  and  EDTA  showed  half-bandwidths  of  140 
HZ  ±  lOHZ.   The  larger  quadrupole  of  this  nucleus  will  make  it  more  difficult 
to  observe  complexes  at  concentrations  available  in  blood.   We  expect  that 
some  improvements  in  our  spectrometer  will  still  allow  useful  applications 
of  this  nuclei  in  our  studies  of  complex  formation  in  protein  systems. 
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The  HPLC  analysis  of  verapamil  in  plasma  has  been  modified  to  include  its 
metabolite,  demethylverapamil . 

The  structures  of  a  pyrrolizidine  in  S .  f ugax  has  been  elucidated  and  syn- 
thesized. The  structures  of  gastrolactone  and  diethyldiacetylmaleate  have  been 
revised. 

Urines  of  patients  with  unusual  neuropathies  have  been  examined  for  lipid 
abnormalities . 


Lung  chemotactic  factor  has  been  found  not  to  be  a  prostaglandin . 
Analgesic  ascorbic  acid-glyoxal  conjugates  have  been  examined  by  GC/MS. 


The 
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1)  Work  has  continued  on  the  analysis  of  verapamil  (M.  Leon  and  D.  Rosing, 
Cardiology  Branch,  NHLBI) .   Improved  HPLC  columns  have  allowed  the  separation 
and  determination  of  the  major  metabolite,  Ndemethylverapamil.   Absence  of 
the  metabolite  has  been  correlated  with  unusual  sensitivity  in  some  patients. 
The  method  is  now  in  routine  use  and  a  paper  describing  it  has  been  published. 

2)  With  M.  Blum  (Dept.  of  Entomology,  Univ.  of  GA)  the  identity  of  new 
constituents  (1)  of  a  "thief  ant"  (S.  fugax)  implicated  as  a  disease 
vector  in  hospitals,  has  been  elucidated  and  synthesized  as  shown. 


TrepT 


The  structures  of  all  possible  stereoisomers  of  1  have  been  elucidated 
using   C  and  H  nmr  and  correlated  with  the  natural  product. 

A  general  method  for  the  synthesis  of  1,4  diketones  and  their  conversion 
to  2,5-dialkylpyrrolidines,  the  toxins  of  certain  fire  ants,  has  been 
developed  starting  with  the  available  related  aldehydes  and  unsaturated 
ketones. 


The  structure  of  gastrolactone  (4) ,  a  defensive  constituent  of  Gastro- 
physa  cyanea,  has  been  synthesized  and  found  not  to  be  identical  with  the 


natural  product  whose  structure  has  been  revised  to  5.   Synthesis  of  5  is 
in  progress. 

3)   The  structure  of  diethyl  diacetylmaleate  (2) ,  a  valuable  potential  synthon 
reported  by  another  group,  has  been  corrected  using   C  nmr  and  ms .   The  pro- 
duct is  the  f uran  (3) .   Attempts  are  currently  underway  to  prepare  2  by  a 
different  route. 
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4)   With  B.  Blumenkopf  and  K.  Engel  (NINCDS) ,  the  urines  of  a  series  of 
patients  exhibiting  unusual  neuropathy  have  been  investigated  using 
GC/MS.   Excesses  of  dicarboxylic  acids  have  easily  identified  in  the 
urines  of  several  suggesting  the  possibility  of  genetic  lipid  defects. 


5)  With  G.  Hunninghake  and  R.  Crystal,  the  nature  of  the  lung  cheinotaxis 
factor  is  being  investigated.   Using  quantitative  GC/MS  it  has  been  shown 
that  the  active  component  cannot  be  one  of  the  prostaglandins.   Alkylacetyl- 
glycerylphosphoryl  cholines  are  a  likely  possibility,  and  these  are  being 
studied. 

6)  With  G.  Fodor  (Univ.  of  W.  Va.)  ascorbic  acid — glyoxal  conjugates  having 
unusual  morphinelike  properties  have  been  investigated  using  GC/MS.   Earlier 
proposed  structures  have  been  discarded  in  favor  of  simple  hemacetals.   The 
reason  for  their  analgesic  action  is  difficult  to  comprehend. 

7)  The  MS9  spectrometer  has  been  nearly  completely  rebuilt  and  should  be  in 
service  soon.   The    C^  mass  spectrometer  being  constructed  at  Texas  A  ±  M 
is  operational  but  requires  adjustment  and  additional  added  devices  (servo- 
motors, reflectron,  variable  detector,  etc.). 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

The  purpose  of  this  work  is  to  determine  the  structures  of  physiologically 
active  compounds  isolated  from  plant  or  animal  tissue.   High  pressure  liquid 
chromatography  is  used  to  purify  the  new  compoimds  for  nmr  and  mass  spectrometry 
study. 
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1.  Cashew  nutshell  extract  (in  collaboration  with  G.  Krishna,  CP,  NHLBI) :   A 
successful  analytical  and  preparative  separation  of  the  components  of  "anacar- 
dic  acid"  extracted  from  "Anacardium  occidentale"  was  achieved  by  high  pressure 
liquid  chromatography.   "Anacardic  acid"  is  a  mixture  of  6-n-salicylic  acids: 

C,  „  to  C-,  ^  side-chain  homologues  with  0,  1,  2  or  3  double  bonds.   The  various 
compounds  were  collected  individually  and  analyzed  by  derivatlzation  and  mass 
spectrometry.   Pharmacological  and  toxicological  testing  have  shown  their  role 
as  specific  inhibitors  of  prostacyclin  receptor  in  human  blood  platelets  and 
of  the  C^  I-  triene  as  a  potential  molluscicide  against  B_^  glabata  which  harbors 
schistosomes. 

2.  (In  collaboration  with  Drs.  G.  Kapadia  and  Y.  Shukla,  Howard  University.) 
Examination  of  various  plants  extracts  by  GC-MS  and  identification  of  pure 
compounds  of  pharmacological  interest  was  continued.   An  unusual  compound  from 
a  Smilax  species  was  identified  by  mass  spectrometry  and  n.m.r.:   31-norcyclo- 
artanol,  a  triterpene  alcohol  possessing  a  9:19  cyclopropane  ring. 

3.  Insect  pheromones  (with  Dr.  M.  Blum.  U.  of  Georgia).   In  a  continuing  study 
of  the  myrmecocystus  ants  and  termites  several  new  species  were  examined.   A 
number  of  mono  and  sesquiterpenes  and  esters  of  long-chain  acids  and  alcohols 
were  revealed  by  GC-MS.   Other  insect  secretions  (with  Dr.  A.  Hefetz,  Tel  Aviv 
University)  from  sceliphron,  tapinoma,  catalyphus,  etc.  were  also  studied. 

4.  (with  A,  Hefetz,  Tel  Aviv  U. )   Anal  gland  secretions  of  Herpestes  sp.  (mon- 
goose) were  examined.   GC-MS  after  derivatlzation  revealed  that  they  consisted 
of  a  complex  mixture  of  mono,  di,  tri  and  tetra  methyl-substituted  fatty  acids. 
With  one  exception  all  the  acids  are  4-Me  branched;  a  large  amount  of  a  2-Me 
substituted  acid  was  found  in  the  male  Herpestes  secretion  only. 

5.  A  considerable  amount  of  time  was  spent  in  an  effort  to  isolate  a  bacteria- 
produced,  unknown,  sulfur-containing  nucleoside  (with  Dr.  M.  Lipaett,  BM  NIAMDD) 
for  structure  determination  by  mass  spectrometry.   The  nucleoside  and  the  free 
base  were  successfully  isolated  by  high  pressure  liquid  chromatography  but  were 
too  unstable  for  further  characterization. 

6.  (with  Dr.  D.  Lundgren,  PM  NIAMDD).   An  HPLC  method  for  the  identification 
and  quantitation  of  2-pyrrolidone  isolated  from  the  brain  of  rats  was  developed. 

Publications: 

1.  Kapadia  G.,  Shukla  Y. ,  and  Lloyd  H.A.  Revised  structure  of  paederside, 
a  novel  monoterpene  S-methyl  thiocarbonate  Tetrahedron  Lett.  1937-1938  (1979). 

2.  Gomez-Sauchez  C.E.,  Holland  O.B.,  Murphy  B.A. ,  Lloyd  H.A.,  and 
Milewich  L.   19-Nor-Deoxycorticosterone:   A  Potent  Mineralcocorticoid  Isolated 
from  the  Urine  of  Rats  with  Regenerating  Adrenals.  Endocrinology  105  708-711 
(1979). 

3.  Lloyd  H.A.,  Denny  C,  and  Krishna  G.   A  Simple  Liquid  Chromatographic 
Method  for  Analysis  and  Isolation  of  the  Unsaturated  Components  of  Anacardic 
Acid.   J.  Liquid  Chromatog.   Accepted  for  publication  (1980). 
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a)  Peptides  and  Nucleotides:   The  peptide  aspect  of  this  part  of  the  work  has 
not  preceeded  as  rapidly  as  had  been  hoped  because  of  difficulty  in  preparation 
of  single  crystals. 

The  synthetic  nucleotide,  2-aniino8-methyl-adenosine-5' -monophosphate,  has 
been  studied  in  detail  and  the  experimental  results  have  yielded  the  most  ac- 
curate X-ray  structure  of  a  nucleotide  or  nucleoside  ever  reported.   The  results 
indicate  the  accuracy  attainable  by  careful  experimental  technique  and  modern 
methods.   The  R- factor  is  2.3%  (almost  the  theoretical  limit)  and  the  accuracy, 
despite  the  presence  of  the  phosphorus  atom,  is  better  than  many  light  atom 
structures.  Many  aspects  are  of  importance  in  nucleotide  studies  particularly 
for  understanding  the  conformation  of  polynucleotides  an,  in  several  respects, 
the  "accepted  wisdom"  in  nucleotides  may  need  re-evaluation.   Some  arguments 
as  to  the  bonding  and  bond  lengths  in  phosphate  groups  will  have  to  be  revised, 
the  molecular  conformation  is  unusual,  being  syn-C3'-endo  (again  unexpected), 
and  the  packing  of  the  molecules  does  not  involve  intramolecular  hydrogen  bonds 
but  is  almost  totally  controlled  by  water  bridges  and  local  charge  balance 
(the  molecule  is  a  zwitterion) .   Considerable  work  has  been  carried  out  to 
attempt  to  understand  the  reasons  for  the  observations  and  the  energetics  of 
the  situation. 

The  molecular  packing  is  very  unusual  and  consists  of  a  set  of  three  crys- 
tallographic  helices  linked  by  water  bridges  with  the  phosphate  groups  in  the 
interior  and  the  bases  on  the  periphery.   While  the  present  work  is  undoubtably 
a  special  case  and  does  not  by  any  means  vitiate  the  Watson-Crick  nucleic  acid 
model,  the  results  bear  an  intriguing  resemblance  to  the  early  triple  stranded 
Pauling-Corey  model  for  the  nucleic  acids. 

b)  Chemical  Problems  of  Sterochemistry  and  Structure: 

1.  " Epoxycolchicine" .   The  spectroscopic  properties  of  this  compound  led 
to  doubts  about  the  assigned  epoxide  structure  but  could  not  give  a  unique 
answer.  While  the  use  of  the  latest  techniques  was  necessary  to  solve  the  prob- 
lem, the  crystal  structure  shows  that  the  compound  is  not  an  epoxide,  but  is 
10,ll-oxy-10,12a-cyclo-10,ll-seco-ll,12-dihydroxolchicine.   The  crystallographic 
results  are  in  full  accord  with  the  chemical  work. 

2.  Palustric  Acid.   The  conformation  of  this  terpenoid  compound,  while 
generally  accepted,  was  not  known  with  certainty  or  in  full  detail.   Analysis 
of  the  conformations  found  by  X-ray  crystallography  (the  structure  is  fully 
refined  at  the  present  time)  should  prove  useful  in  sesquiterpenoid  chemistry. 

3.  (E,Z,E)-[4-(3,4-dihydro-2,6-dimethyl-3-(methylthio)-l,2,4-triazin-5(2H)- 
ylidene-2-butenylidene ]  methylhydrazinecarbodithioate.  (with  Captain  J,  Scovill, 
Walter  Reed  Army  Medical  Center) . 

This  compound,  besides  holding  this  year's  record  for  the  longest  name,  is 
a  synthetic  product  of  interest  for  its  anti-malarial  activity.   The  structure 
could  not  be  determined  with  certainty  by  chemical  methods  but  has  been  fully 
elucidated  by  X-ray  techniques. 
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4.  2,8-di(trifluoromethyl)-6-methvliminocyclohexyl-quinoline.   This  is 
again  a  compound  where  chemical  proof  of  structure  and  sterochemistry  was  in- 
adequate.  The  crystals  possess  the  intriguing  property  of  reversible  turning 
bright  red  on  irradiation  with  ultra-violet  light  and  it  originally  seemed  that 
accurate  electron  density  work  might  be  useful.   The  structure  was  solved  but, 
after  X-ray  irradiation,  the  photochromism  ceased.   Because  of  this  change,  it 
does  not  seem  useful  to  study  the  problem  further.   In  addition,  one  of  the  tri- 
fluoromethyl  groups  unexpectedly  shows  disorder  and  thus  accurate  electron  den- 
sity work  might  be  presently  impossible.   Mass  spectroscopic  investigation  by 
Mr.  W.  Comstock  of  our  laboratory  appears  to  indicate  that  the  crystals  contain 
very  small  quantities  of  isomeric  impurities  which  might  actually  be  the  source 
of  the  photochromism. 

5 .  Possible  isomers  of  9-bromo-lO-acetyl-hexahydrophenanthrene.   The  impor- 
tance of  this  compound  lies  in  the  investigation  of  carcogenicity  and  chemical 
methods  were  inadequate  to  distinguish  among  several  possible  isomers.   The  com- 
pound also  represented  a  technical  challenge  since  the  crystals  were  very  small 
indeed  and  the  structural  problem  would  not  have  been  attempted  a  few  years  ago. 
There  was  another  problem  in  that  the  compound  shows  radiation  damage.   Despite 
difficulties,  an  entirely  adequate  answer  has  been  obtained  and  confidence  in 
working  with  very  small  crystals  has  been  increased. 

c)  Optical  Activity  and  Polymorphism  in  Dimethyl  Tartrate  (with  Dr.  H.M.  Fales) . 
The  detection  of  optical  purity  by  physical  methods  is  of  interest  to  this  lab- 
oratory.  Dimethyl  tartrate  is  a  simple  compound  showing  optical  activity  but, 
despite  the  fact  that  it  has  been  much  investigated  from  about  1900  onwards,  the 
literature  shows  many  conflicting  reports.   There  are  apparently  three  known 
"polymorphs"  of  the  optically  active  species,  all  with  different  melting  points 
and  crystal  habits  and  two  forms  of  the  racemate.   Seeding  melts  of  racemate  or 
optically  pure  forms  with  the  different  crystals  produces  different  results. 
Only  the  meso  compound  has  a  published  crystal  structure  and  shows  one  crystal 
form. 

The  confusion  in  the  literature  now  appears  to  be  partially  due  to  the 
effects  of  humidity  and  ambient  temperature.   Two  of  the  optically  active  forms 
have  been  successfully  obtained  and  elucidated  crystallographically.   We  intend 
to  attempt  to  obtain  the  third  form  which,  although  probably  possessing  the  low- 
est energy  state,  is  difficult  to  prepare.   The  crystal  structure  of  the  stable 
form  of  the  racemate  has  been  determined  but,  so  far,  we  have  been  unable  to 
obtain  the  metastable  form  as  usable  single  crystals. 

The  explanation  of  the  poljrmorphism  currently  appears  to  involve  both  con- 
formation and  hydrogen  bonding. 

^^   Miscellaneous  Topics.   There  have  been  several  chemical  problems  this  year 
which  have  been  solved  without  full  crystal  structure  determination  by  semiauto- 
matic determination  of  space  group  and  cell  dimensions-  a  by  no  means  trivial 
advantage  of  possessing  a  modern  automatic  dif fractometer . 
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A  program  for  the  dif fractometer  to  allow  automatic  measurement  of  weak 
X-ray  reflections  to  any  reasonable  desired  accuracy  has  been  written.   The 
program  should  prove  useful  in  determining  absolute  configurations.   Program- 
ming was  made  much  easier  by  last  year's  updating  of  the  dif fractometer  compu- 
ter system. 

Publications: 

1.  Silverton,  J.V.  The  structure  of  colchiceine  ethyl  acetate-water 
solvate.  Acta  Cryst.  B35,  2800-03,  1979. 

2.  Silverton,  J.V.,  Ziffer,  M.  and  Ziffer,  H.  Structure  and  steriochem- 
istry  of  condensation  products  from  1-morpholino-l-cycloheptene  and 
methyl  vinyl  ketone.   J.  Org.  Chem  44:  3959-5961,  1979. 

3.  Cantrell,  T.S.  and  Silverton,  J.V.  Chemistry  of  1, 2:5,6-dibenzocyclo- 
octatetraene  dianion.  J.  Org.  Chem.  44 :  4477-4481,  1979. 

4.  Mauger,  A.B.,  Stuart,  O.A.,  Highet,  R. J. ,  and  Silverton,  J.V.  :  Synthe- 
sis and  conformation  of  cyclo (THR-D-VAL-PRO-SAR-MeALA) .  in  Gross,  E 
and  Meienhofer,  J  (eds.)  Peptides.  Structures  and  Biological  Function. 
Rockford,  111,  Pierce  Chem.  Co.,  1979,  pp.  237-240. 

5.  Brossi,  A.,  Rosner,  M.  ,  Silverton,  J.V.,  lorio,  M.  A. ,  and  Hufford,  CD. 
Revision  of  the  structure  of  'epoxycolchicine' .  Helv.  Chim.  Acta  63, 
406-412,  1980. 

6.  Mlnamikawa,  J.I.,  Rice,  K.C.,  Jacobson,  A.E.,  Brossi,  A.  Williams,  T.H. 
and  Silverton,  J.V.  Studies  in  the  (+)  Morphinan  Series  7.  Unusual 
crystallographic  and  tautomeric  properties  of  (+)-4-hydroxy-7-oxo-3- 
methoxy-17-methyl-5, 6-dehydromorphinan.  An  interesting  double  helix. 

J.  Org.  Chem,  45_,  1901,  1980. 

7.  Bright,  W.M. ,  Cannon,  J.F.,  Langs,  D.A. ,  and  Silverton,  J.V.  1,7,7- 
Trimethyl-bicyclo[2.2.1]hepta-2, 3-dione,  C  H  ,0  .   Cryst.  Struc .  Comm, 
8,  251,  1980.  ^^   ^^   ^ 

8.  Scovill,  J. P.,  and  Silverton,  J.V.  An  unusually  facile  ring  opening 
reaction  in  the  pyridine  system.  J.  Org.  Chem. ,  45,  1980. 
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1.  Dendrobatld  Alkaloids:  Studies  with  Dr.  John  W.  Daly  of  NIAMDD  have 
elucidated  the  structures  of  three  alkaloids  from  the  neotropical  poison  frog 
Dendrobates  pumilio.   Allopumiliotoxin  Bl  corresponds  to  I, 


CH3 

CH„CHCH  CH=C-CHCH  CH 
OH     ^ 


CH2=CHCH' 


CH=CHC=CH 


and  Allopumiliotoxin  B2  is  the  C-7  epimer  of  II. 
been  shown  to  be  II, 


The  minor  alkaloid  259  has 


2.   Transformations  of  Diethyl  Diacetylsuccinate:   Collaborative  investi- 
gations with  H.M.  Fales  (LC)  have  shown  the  reaction  product  of  diethyl  diace- 
tylsuccinate with  sulfuric  acid  to  be  the  furan  III,  rather  than  diethyl  diace- 
tylmaleate  as  reported. 


CH_CH„0  CI 
H^C 


u 


CG^CH^CH^ 
CH^ 


3.  Metabolism  of  Chloroform;  In  collaboration  with  L.  Pohl  (NHLBI,  CP) , 
the  product  of  the  metabolism  of  chloroform  by  liver  microsomes  has  been  shown 
to  be  the  glutathione  dithioester  IV. 


fl 


CONHCH  CO  H 


(HO^  CCHCH  CH^ C ONHCHCH  S )  C=0 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  NIH-EPA  Chemical  Information  System,  comprising  17  different  components 
such  as  spectral  data  and  bibliographic  data  bases,  is  under  systematic  develop- 
ment in  a  project  that  involves  the  collaborative  efforts  of  41  different  groups 
in  the  U.S.,  Europe  and  Japan. 

Components  of  this  system  include  a  mass  spectral  search  system,  a  carbon- 
13  nmr  spectral  search  system,  nmr  and  crystallography  bibliographic  search 
systems,  a  structure  search  program,  searchable  data  bases  of  x-ray  diffraction 


data  for  crystals  and  for  powders,  a  searchable  data  base  of  water  pollutant 


data  and  a  data  base  of  chemical  compounds  cited  in  the  Federal  Register. 
The  entire  system  is  being  delivered  to  members  of  the  international 
scientific  community  via  networked  computers  in  the  private  sector.   All  who 
use  the  system  do  so  on  a  f ee-for-service  basis. 
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The  NIH-EPA  Chemical  Information  System  (CIS)  is  currently  being  support- 
ed by  seven  agencies  of  the  U.S.  Government  and  involves  the  active  collabo- 
ration of  41  different  groups  in  13  different  countries. 

Components  of  the  CIS  that  are  now  operating  in  the  private  sector  in- 
clude the  mass  spectral  search  system,  the  carbon-13  nmr  search  system,  an 
nmr  spectral  bibliographic  search  system,  a  statistical  analysis  package,  a 
program  for  prediction  of  chemical  properties,  a  search  system  for  three 
different  types  of  x-ray  diffraction  data  and  a  structure  and  nomenclature 
search  system.   There  are,  in  addition,  data  bases  of  water  pollution  data, 
data  pertaining  to  the  regulatory  status  of  specific  chemicals  and  a  data 
base  pertaining  to  responses  to  spills  of  hazardous  chemicals.   A  total  of 
over  700  scientists  in  North  America,  Europe  and  Australasia  use  one  or  more 
of  these  systems  and  more  than  35,000  separate  searches  are  conducted  per 
month. 

Several  other  components  are  currently  being  developed  as  a  joint  pro- 
ject between  NIH/EPA  and  NBS.   These  include  a  data  base  of  toxicities 
of  consumer  products,  a  file  of  thermodynamic  properties  and  an  infra  red 
spectral  search  system. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  kevwords) 

Peptide  Biochemistry:   Extracts  of  venom  sacs  from  yellow  jackets,  hornets 
and  wasps,  as  well  as  Gila  monster  venom  contain  peptides  which  have  profound 
effects  on  human  neutrophils  and  guinea-pig  pancreatic  acinar  cells.  The  extracts 
inhibit  enzyme  release  associated  with  neutrophil  activation,  they  inhibit  chemo- 
taxis,  and  they  can  cause  enzyme  release.   Extracts  also  cause  the  release  of 
amylase  from  guinea-pig  pancreatic  acinar  cells  by  mechanisms  involving  mobili- 


zation of  cellular  calcium  and  an  increase  in  cellular  cyclic  AMP.   The  extracts 
are  being  fractionated  by  high  performance  liquid  chromatography  (HPLC)  using 
a  newly  available  column  which  gives  separations  superior  to  any  we  have  obtained 
previously  using  other  columns.   A  simple  technique  has  been  developed  for  rap- 
idly desalting  peptide  solutions.   To  facilitate  intra-laboratory  reproducibili- 
ty, a  two-step  gradient  system  has  been  developed  as  an  alternative  to  our  pre- 
viously reported  gradient  system  for  the  rapid  analysis  of  amino  acid  phenylthio- 
lydantoins.   Several  peptides  have  been  coupled  to  chicken  serum  albumin  and  used 


to  produce  antibodies  in  burros  and  rabbits.   Among  the  antibodies  obtained  it 
aas  been  Possible  for  the  first  time,  to  produce  antibodies  against  the  amlno- 
termini  of  bradykinin  and  angiotensin  III.        
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Objectives: 

1.  Produce  monospecific  antibodies  against  the  amino  and  carboxyl  ends 
of  bradykinin,  angiotensin  I,  angiotensin  II,  angiotensin  III,  bombesin,  rana- 
tensin,  and  mastoporan  and  develop  RIA's  for  these  peptides. 

2.  Develop  a  rapid  and  reproducible  stepwise  elution  method  for  the 
separation  of  amino  acid  phenyl thiohydanto ins  by  HPLC. 

3.  Evaluate  and/or  develop  various  methods  for  the  separation  of  pep- 
tides by  HPLC. 

4.  Isolate  new  biologically  active  peptides  from  insect  venom,  animal 
venom  and  amphibian  skin. 

Major  Findings;   Antigen  Synthesis  and  Antibody  Production 

1.  N-tert-butyloxycarbonyl-bradykinin  was  synthesized  and  the  carboxyl 
terminus  coupled  to  chicken  serum  albumin  by  the  active  ester  method  using 
1-hydroxybenzotriazole  and  l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide. 
Four  moles  of  bradykinin  were  coupled  per  mole  of  chicken  serum  albumin. 
Burros  were  immunized  initially  with  2  mg  of  antigen  and  given  boosts  of  1-3 
mg  monthly  for  6  months. 

2.  Bradykinin  was  coupled  to  chicken  serum  albumin  by  the  active  ester 
method  using  l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide.   Six  moles  of 
bradykinin  were  coupled  per  mole  of  chicken  serum  albumin. 

Burros  were  immunized  initially  with  2  mg  of  antigen  and  given  boosts  of 
1-3  mg  monthly  for  6  months.   Rabbits  were  immunized  initially  with  1  mg  and 
given  boosts  of  1  mg  monthly  for  6  months.   Animals  were  bled  one  week  follow- 
ing injection. 

3.  N-tert-butyloxycarbonyl-angiotensin  III  was  synthesized  and  coupled 
to  chicken  serum  albumin  by  the  active  ester  method  using  1-hydroxybenzotria- 
zole and  l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide.   Twenty-six  moles 

of  angiotensin  III  were  coupled  per  mole  of  chicken  serum  albumin. 

Rabbits  were  immunized  initially  with  1  mg  of  antigen  and  given  boosts 
of  1  mg  monthly  for  six  months. 

4.  Mastoporan  was  coupled  to  chicken  serum  albumin  by  the  active  ester 
method  using  l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide.   The  reaction 
was  carried  out  at  pH  5.0  in  order  to  minimize  coupling  at  the  three  lysine 
residues  of  mastoporan.   Four  moles  of  mastoporan  were  coupled  per  mole  of 
chicken  serum  albumin. 

Rabbits  were  immunized  initially  with  1  mg  of  antigen  and  given  boosts 
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of  1  mg  monthly  for  three  months.   The  animals  were  bled  one  week  following 
injection. 

5.   The  following  peptides  were  coupled  to  chicken  serum  albumin  by  the 
active  ester  method  using  l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide: 

Ranatensin  (27  moles  coupled  per  mole  CSA) 
Bombesin  (48  moles  coupled  per  mole  CSA) 
Angiotensin  I  (22  moles  coupled  per  mole  CSA) 
Angiotensin  II  (32  moles  coupled  per  mole  CSA) 
Mastoporan  (4  moles  coupled  per  mole  CSA) 

Rabbits  were  immunized  initially  with  1  mg  of  antigen  and  given  boosts 
of  1  mg  monthly  for  3  months.   The  animals  were  bled  one  week  following  injec- 
tion. 

Evaluation  of  New  Antibodies  for  RIAs 


The  progress  of  antibody  formation  by  burros  and  rabbits  to  peptides 
coupled  to  chicken  serum  albumin  was  monitored,  and  radioimmunoassay  conditions 
were  established  for  the  most  promising. 

RIAs  for  Bradykinin 

Serum  from  one  burro  immunized  with  bradykinin  with  the  N-terminal  end 
free  can  be  used  for  RIA  at  a  dilution  of  1:4000  over  a  range  of  8-1000  pg  of 
standard  or  sample.   ED    (the  amount  required  to  displace  50%  of  tracer)  is 
93  pg,   Polisteskinin,  aes-arg-1  bradykinin,  lysyl-bradykinin,  and  methionyl- 
lysyl-bradykinin  do  not  cross-react  over  a  range  of  doses  equivalent  to  50-5000 
pg  of  bradykinin.   Cross-reactivity  with  two  samples  of  kininogen  was  0%  and 
4% — about  equivalent  to  the  probable  level  of  free  kinin  contaminating  the 
samples.   Hence  this  antibody  might  be  useful  for  detecting  bradykinin  in  plasma, 
where  interference  of  kininogen  is  a  problem. 

Serum  from  one  rabbit  with  antibodies  directed  against  the  C-terminus 
can  be  used  at  a  dilution  of  1:163,000  over  a  range  of  8-1000  pg.   ED   is 
39  pg,   Cross-reactives  are:   polisteskinin,  30%,  des-arg-1  bradykinin,  9%, 
lysyl-bradykinin,  114%,  methionyl-lysyl-bradykinin,  135%,  tyrosine-8-bradykin- 
in,  85%,  kininogen,  2-15%. 

One  more  burro  and  3  rabbits  treated  with  N-terminal-free  bradykinin  pro- 
duced no  antibodies.  Two  more  rabbits  and  2  burros  immunized  with  C-terminal- 
free  bradykinin  produced  poorer  antibodies  than  the  one  described. 

RIAs  for  Angiotensin  II  and  III 

Iodine-125  derivatives  of  angiotensin  II  and  III  were  prepared  with  spe- 
cific activities  of  244  and  350   Ci/  g,  respectively  (15%  and  20%  incorpora- 
tion) .   Sera  of  rabbits  immunized  with  N-terminal-free  angiotensin  III  and 
carboxy-terminal-free  angiotensin  II  were  tested. 
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Serum  from  one  rabbit  immunized  with  A  III,  used  at  a  dilution  of  1:25, 
600,  could  detect  A  III  over  a  range  of  4-2000  pg  with  less  than  1%  cross- 
reactivity  from  A  II. 

Serum  from  another  rabbit  immunized  with  A  III,  at  a  dilution  of  1:34,000, 
with    I  A  II  as  the  tracer  could  detect  A  II  and  A  III  about  equally  over 
a  range  of  4-2000  pg,  with  ED   of  122  pg  for  A  II,  141  for  A  III. 

The  remaining  rabbits  produced  poorer  antibodies. 

Bombesin,  Mastoporan,  and  Ranatensin. 

Attempts  to  evaluate  these  antibodies  have  been  delayed  by  the  problem 
of  binding  to  surfaces  which  these  peptides  present. 

Analysis  of  Amino  Acid  Phenylthiohydantoins  by  HPLC 

In  order  to  improve  the  reproducibility  and  decrease  the  cost  of  the 
analysis  of  amino  acid  phenylthiohydantoins  by  HPLC,  we  have  developed  a 
system  for  the  stepwise  elution  and  separation  of  the  PTH-amino  acids  using 
a  .46  X  15  cm  Dupont  CDS  column. 

In  an  attempt  to  optimize  the  separation  of  the  PTH-amino  acids,  the 
effects  of  varying  a  number  of  different  parameters,  such  as  flow  rate,  pH, 
and  acetate  concentration  were  investigated. 

Increasing  the  flow  rate  improved  the  resolution  of  PTH-proline  and  PTH- 
tryptophan  but  only  at  the  expense  of  PTH-lysine  and  PTH-phenylalanine .   Res- 
olution of  PTH-serine  and  PTH-glutamine  was  also  improved  by  increasing  the 
flow  rate.   Changing  the  flow  rate  by  as  little  as  0.1  ml/min.  resulted  in 
significant  differences  in  resolution. 

Changes  in  the  pH  of  the  acetate  buffer  resulted  in  dramatic  shifts  in 
the  positions  of  the  basic  PTH-amino  acids,  PTH-histidine  and  PTH-arginine, 
while  the  positions  of  the  acidic  PTH-amino  acids,  aspartic  acid  and  PTH- 
glutamic  acid,  were  relatively  unaltered. 

Changes  in  the  acetate  concentration  of  the  buffer  also  had  a  pronounced 
effect  on  the  retention  of  PTH-histidine  and  PTH-arginine.   An  increase  in 
the  acetate  concentration  of  the  buffer  resulted  in  decreased  retention  of 
both  PTH-histidine  and  PTH-arginine.   This  suggests  that  the  basic  PTH-amino 
acids  may  participate  in  an  ion-exchange  type  of  interaction  with  surface 
silanol  groups  rather  than  a  simple  ion-pair  type  of  mechanism. 

Changes  in  the  acetate  concentration  of  the  buffer  also  had  a  significant 
effect  on  the  resolution  of  PTH-serine  and  PTH-glutamine.   Resolution  of  PTH- 
serine  and  PTH-glutamine  was  troublesome  and  required  an  acetate  concentration 
of  at  least  0.03  M  sodium  acetate. 

Knowledge  of  the  effects  of  such  parameters  as  flow  rate,  pH,  and  acetate 
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concentration  on  the  separation  of  the  PTH-amino  acids  can  be  used  to  compen- 
sate for  experimental  and  column  variation.   With  a  few  minor  modifications 
of  our  system,  separation  of  all  of  the  PTH-amino  acids  should  be  possible 
in  less  than  thirteen  minutes. 

Analysis  of  Peptides  by  HPLC 

The  usefulness  of  the  following  HPLC  systems  for  the  separation  of  pep- 
tides was  investigated: 

Column  Solvent  System 

Dupont  CN  TEAP,  CH„CN 

Biorad  CDS  0.1  M  NaClO,,  CH„CN 

Dupont  TMS  0.1  M  NaClO,,  CH  CN 

containing  0.005M  sodium  phos- 
phate 

While  all  three  systems  proved  to  be  useful  for  the  separation  of  peptides, 
peak  shapes  were  superior  with  the  latter  system.   Moreover,  using  this 
system,  peptides  such  as  mellitin,  LBK,  and  substance  P,  which  often  stick 
to  reversed  phase  columns  or  elute  only  with  significant  tailing,  were  eluted 
as  fairly  sharp  peaks  with  little  or  no  tailing.   This  system  has  been  used 
in  our  laboratory  for  the  analysis  of  venom  sac  extracts  with  good  results. 

Isolation  of  New  Biologically  Active  Peptides 

In  the  search  for  new  biologically  active  peptides,  we  have  examined 
venoms  from  the  following: 

1.  Vespula  pensylvanica  (yellow  jacket) 

2.  Vespula  germanica  (yellow  jacket) 

3.  Vespula  maculifrons  (yellow  jacket) 

4.  Polistes  annularis  (wasp) 

5.  Dolichovespula  maculata  (hornet) 

6.  Vespa  crabro  (European  hornet) 

7.  Gila  monster 

8.  Tityus  serrulatus  (scorpion) 

9.  Naja  melanoleuca  (black  cobra) 

Insect  venom  sacs  were  extracted  with  both  80%  methanol  and  1% 
acetic  acid  and  the  extracts  compared  by  bioassay,  HPLC,  and  gross  weight. 
The  biological  activities  of  the  methanolic  and  acetic  acid  extracts  were 
comparable.   The  acetic  acid  extracts,  however,  contained  a  larger  quantity 
of  high  molecular  weight  material.   Extraction  with  80%  methanol,  therefore, 
appeared  to  be  superior  for  the  isolation  of  small  molecular  weight  substances. 

The  methanolic  extracts  of  each  of  the  venoms  listed  above  were  examined 
by  HPLC  using  a  system  developed  in  our  laboratory.   An  aliquot  of  the  methan- 
olic extract  from  Vespula  pensylvanica  was  chromatographed  by  HPLC.   Fractions 
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corresponding  to  the  major  peaks  were  collected  and  aliquots  hydrolyzed  for 
amino  acid  analysis.   Amino  acid  analysis  revealed  the  presence  of  two  pep- 
tides with  amino  acid  compositions  identical  to  those  of  vespulakinins  1  and 
2.   In  addition,  amino  acid  analysis  of  a  third  peak  revealed  the  presence  of 
an  additional  peptide,  containing  22  amino  acid  residues.   This  peptide  may 
be  a  new  peptide  of  biological  interest.   The  amino  acid  composition  of  this 
peptide  is  shown  in  the  following  table. 

Amino  Acid  Composition  of  Peptide  from  Vespula  Pensylvanica  (residues/mol) 

ASP  2.24 

THR  0.98 

SER  3,20 

GLU  3.40 

GLY  4 . 90 

ALA  2 . 08 

VAL  0.88 

ILE  1.08 

LEU  2.11 

LYS  1.23 

ARG  1.11 

Since  the  HPLC  system  which  we  have  employed  contains  non-volatile  buff- 
ers, it  was  necessary  to  develop  a  method  for  desalting  the  column  fractions 
before  submitting  them  for  bioassay.   The  use  of  small  ODS-silica  cartridges 
(Sep-Pak)  for  this  purpose  was  investigated  and  found  to  be  a  rapid  method 
for  desalting  peptide  fractions  with  good  recoveries. 

The  crude  methanolic  extracts  were  being  screened  for  the  following 
types  of  biological  activity: 

1.  platelet  aggregation 

2.  mast  cell  degranulation 

3.  rat  uterus  contracting  activity 

4.  histamine  release  from  human  basophils  and  rat  peritoneal  mast  cells 

5.  inhibition  of  oaubaln  binding  to  microsomal  Na  -  K  ATPase 

6.  inhibition  of  F-Met-Leu-Phe- induced  chemotaxis  and  inhibition  of 
enz3mie  release  and  stimulation  of  enzyme  release 

7.  amylase  secretion  from  pancreatic  acinar  cells 

None  of  the  crude  extracts  exhibited  any  histamine  releasing  activity 
from  human  basophils  or  oaubaln  binding  inhibition.   The  following  crude 
extracts,  however,  did  stimulate  amylase  secretion  from  pancreatic  acinar 
cells: 

Vespula  pensylvanica 

Vespula  germanica 

Vespula  maculifrons 

Vespa  crabro 

Tityus  serrulatus  (scorpion) 

Naja  melanoleuca  (black  cobra) 

Gila  monster 
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The  extracts  vary  in  their  spectrum  of  activities.   They  inhibit  enzjnne 
release  associated  with  neutrophil  activation,  inhibit  chemotaxis  and  cause 
enzyme  release.   Extracts  also  show  variable  but  potent  activity  in  the  re- 
lease of  amylase  from  acinar  cells.   The  mechanism  of  release  involves  mobil- 
ization of  cellular  calcium  and  increase  in  cellular  cyclic  AMP. 

Proposed  Course 

Efforts  will  be  directed  toward  the  isolation  and  characterization  of 
biologically  active  peptides  from  natural  sources  such  as  venoms  and  amphib- 
ian skin. 

Publications; 

Kokas,  E. ,  Pisano,  J.,  Crepps,  B. :   Villikinin:   Characterization  and 
Function,  in  "Comprehensive  Endocrinology"  series  editor  L.  Martinin. 
Gastrointestinal  Hormones  Edited  by  G.B.J.  Glass,  p.  899-910.   Raven  Press, 
New  York,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

L.  Human  urokininogen  has  been  characterized  and  appears  to  be  a  mixture  of  in- 
tact low  molecular  weight  kininogen  and  breakdown  fragments  of  both  high  and  low 
aolecular  weight  kininogens. 

Kininogen  has  been  localized  in  the  distal  nephron  of  the  human  kidney  by 
Immunofluorescence. 

Kininogen  appears  to  be  present  in  whole  human  saliva. 
4.   Plasma  high  molecular  weight  kininogen  appears  to  be  decreased  in  certain 
oatients  with  hereditary  angio edema  and  carcinoid  syndrome. 

).  Both  high  molecular  weight  kininogen  and  prekallikrein  appear  to  decrease  in 
;he  plasma  of  pregnant  women  immediately  after  parturition. 

In  both  human  urine  and  human  parotid  saliva,  glandular  kallikrein  increases 
Ln  normal  volunteers  on  low  salt  diet  or  after  administration  of  Fludrocortisone. 
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Objectives:   To  improve  procedures  for  the  assay  of  components  of  the  kalli- 
krein-kinin-kininogen  system  and  to  use  these  procedures  to  establish  the  role 
of  the  system  in  health  and  disease. 

Methods:   Bioassay,  radioimmunoassay,  radiochemical  assay,  chromagenic  sub- 
strate assay,  chromatographic  and  electrophoretic  techniques. 

Major  Findings: 

Urokininogen :   Two  kininogen  radioimmunoassays  (RIAs) ,  one  based  on  an 
antibody  to  the  unique  light  chain  of  HMW  kininogen  (ZOl  HL  01022-02  CH)  and 
one  based  on  an  antibody  which  recognizes  the  heavy  chains  of  all  human  kinin- 
ogens,  have  been  used  in  conjunction  with  a  kinin  RIA  to  characterize  urokinin- 
ogen. When  24h  urines  were  examined,  the  daily  excretion  of  heavy  chain  anti- 
gen was  about  1,600  yg  while  about  300  ug  of  light  chain  were  excreted  in  24h. 
The  daily  excretion  of  free  kinin  was  about  8  yg  and  treatment  with  trypsin  or 
kallikrein  increased  the  level  to  about  10  yg.   No  sex  difference  was  seen  for 
any  antigen.   Urokininogen  was  purified  by  sequential  batch  immunoaf f inity 
adsorption  with  immobilized  antibody  to  heavy  chain  and  with  immobilized 
antibody  to  light  chain.   The  two  concentrated  eluaks  obtained  most  of  the 
kininogen  antigen  from  urine  and  significant  releasable  kinin  was  also  recov- 
ered.  Gel  filtration  of  the  concentrates  showed  that  all  releasable  kinin  was 
associated  with  kininogen  antigen.  When  molecular  weight  studies  were  performed 
on  the  concentrates  using  SDS-PAGE  a  wide  range  of  molecular  weights  were  ob- 
served.  All  visible  bands  were  associated  with  antigenic  activity.   The  con- 
centrate produced  by  adsorption  with  antibody  to  heavy  chain  (heavy  chain  concen-ll 
trate)  had  major  stained  and  antigenic  bands  corresponding  to  intact  LMW  kinin- 
ogen and/or  its  heavy  chain  while  the  concentrate  produced  by  adsorption  with 
antibody  to  light  chain  (light  chain  concentrate)  appeared  to  represent  predom- 
inantly degradation  fragments  of  heavy  and  light  chains.   Alkaline-PAGE  of  the 
heavy  chain  concentrate  showed  a  band  pattern  which  was  strikingly  similar  to 
that  of  LMW  kininogen  while  the  light  chain  concentrate  gave  a  pattern  which, 
once  again,  was  suggestive  of  a  range  of  breakdown  fragments.   Immunofluorescence! 
studies  were  performed  and,  using  antibody  to  heavy  chain,  strong  fluorescence 
was  observed  in  the  distal  nephron.   No  fluorescence  was  observed  with  antibody 
to  light  chain.   It  is  concluded  that  the  kidney  is  a  source  of  LMW  kininogen 
which  may  contribute  to  the  levels  of  urokininogen.   The  light  chain  antigen 
probably  represents  filtered  breakdown  products  of  plasma  HMW  kininogen  and 
as  such  the  light  chain  RIA  could  be  of  use  as  a  measure  of  plasma  HMW  kinin- 
ogen turnover.   Preliminary  measurements  indicate  that  kininogen  antigen  may 
be  present  in  whole  human  saliva,  although  no  signigicant  antigen  was  detected 
in  parotid  saliva. 

Plasma  Kininogens:   HMW  kininogen  has  been  measured  in  plasmas  of  patients 
with  hereditary  angioedema  (HAE) ,  carcinoid  syndrome  and  in  pregnant  women  at 
childbirth.   In  both  the  carcinoid  syndrome  and  HAE  studies  there  were  several 
patients  who  showed  consistently  low  levels  of  HMW  kininogen.   For  HAE  patients 
both  RIA  and  bioassay  measurements  were  made  and  good  agreement  was  seen  be- 
tween the  two  methods.   Preliminary  results  in  the  pregnancy  study  indicate 
that  there  may  be  a  decrease  in  HMW  kininogen  following  parturition. 


Yi^e 


i 


ZOl  HL  01016-10  CH 

Plasma  Prekallikrein:   Depletion  of  prekallikrein  has  also  been  measured 
in  the  HAE  and  pregnancy  studies  using  a  chromogenic  substrate  assay.   Pre- 
liminary results  in  the  pregnancy  study  again  indicate  that  levels  drop  follo- 
wing parturition.   Fluctuations  in  prekallikrein  are  also  seen  in  some  HAE 
patients  but  as  yet  insufficient  data  exists  to  correlate  these  fluctuations 
with  attacks. 

Glandular  Kallikrein:   Studies  of  urinary  kallikrein  excretion  on  variable 
salt  diets  were  continued  and  extended.   Esterase  assays  showed  that  both  free 
and  prekallikrein  were  significantly  increased  by  low  salt  diet  or  by  adminis- 
tration of  Fludrocortisone.   Kallikrein  antigen  as  measured  by  RIA  was  also 
increased.   The  RIA  has  also  been  used  to  study  the  effects  of  salt  diet  on 
kallikrein  excretion  by  the  parotid  gland.   Once  again  excretion  was  increased 
on  low  salt  diet.  Measurements  of  glandular  kallikrein  in  the  plasma  of  pa- 
tients with  carcinoid  syndrome  have  been  performed  but  results  are  difficult 
to  interpret  due  to  the  non-parallel  cross-reaction  of  plasma  in  the  assay. 

Proposed  Course;   Clinical  studies  of  HAE  and  pregnancy  will  be  continued. 
In  addition  urinary  light  chain  antigen  will  be  measured  in  patients  where 
plasma  HMW  kininogen  is  rapidly  turning  over  to  confirm  that  the  urinary  anti- 
gen is  really  a  metabolite.   Human  and  monkey  kidney  tissue  will  be  examined 
for  kininogen  using  an  RIA  for  human  serum  albumin  to  account  for  blood  con- 
tamination.  Studies  on  kininogen  in  saliva  will  also  be  continued. 

Publications; 

1.  Proud,  D. ,  Pierce,  J.V.,  and  Pisano,  J.J.;   Radioimmunoassay  of  Human 
High  Molecular  Weight  Kininogen  in  Normal  and  Deficient  Plasmas.   J.  Lab.  Clin. 
Med.  ^;  563-574,  1980. 

2.  Corthorn,  J.,  Imanari,  T.,  Yoshida,  H.,  Kaizu,  T. ,  Pierce,  J.V.  and 
Pisano,  J.J.;  Isolation  of  Prokallikrein  from  Human  Urine.   Adv .  Exp .  Med . 
Biol.   Vol.  120B;  575-579,  1979. 

3.  Vinci,  J.M.,  Zusman,  R.M.,  Izzo,  J.L.,  Jr.,  Bowden,  R.E.,  Horwitz, 
D. ,  Pisano,  J.J.  and  Keiser,  H.R.:  Relationships  of  Human  Urinary  and  Plasma 
Kinins  to  Sodium-Retaining  Steroids  and  Plasma  Renin  Activity.   Adv.  Exp.  Med. 
Biol.   Vol.  120A;  503-513,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Two  highly  specific  polypeptide  inhibitors  of  human  Hageman  factor  (Factor 
XII)  fragment(s)  (HF  )  were  purified  from  corn  seeds  (M  12  000;  pi  5.1,  6.3, 
and  7.7)  and  from  pumpkin  seeds  (M  4  000;  pi  8.3).   They  form  1:1  molar  com- 
plexes with  HF  and  bovine  trypsin,  are  "arginine"  inhibitors,  markedly  prolong 
the  activated  partial  thromboplastin  time  of  human  plasma,  and  do  not  inhibit 
human  plasma  or  urinary  kallikreins,  plasmin,  a- thrombin,  hog  pancreatic  kalli- 
krein,  bovine  Factor  Xa,  or  a- chyme trypsin. 

Human  plasma  prokallikrein  activated  briefly  by  catalytic  amounts  of  HF 
gave  a  heavy  chain  of  M^  53  000  and  two  light  chains  of  M  40  000  and  37  OOof 
corresponding  to  the  88  000-  and  85  000-dalton  proenzyme  forms.   Further  incuba- 
tion after  inhibiting  HF  by  excess  corn  inhibitor  converted  the  M  53  000 
chain  into  33  000-  and  20  000-dalton  fragments.  ^ 
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Qblectives:   Purification  of  glandular  kallikreins  and  prokallikreins  and  of 
components  of  the  plasma  kinin,  clotting,  and  fibrinolytic  systems  for  pur- 
poses of  characterization  and  production  of  specific  antiserums.   Preparation 
of  purified  specific  antibodies  and  isolation  from  plant  and  animal  sources 
of  specific  inhibitors  for  human  plasma  proteases  (kallikrein,  Hageman 
factor,  plasmin,  thrombin.  Factor  XI,  etc.)  for  biochemical,  clinical  and 
other  studies.   Preparation  of  affinity  adsorbents  from  purified  antibodies, 
antigens,  enzirmes,  and  inhibitors  for  purification  and  other  purposes,  such 
as  devising  specific  biochemical  and  radio immunochemical  assays.   Application 
of  these  purified  materials,  affinity  adsorbents,  and  assay  methods  to  studies 
of  normal  and  pathological  states  in  man  and  other  primates. 

Major  Findings: 

1.  Human  Plasma  Kallikrein  and  Prokallikrein.  Using  discontinuous  SDS- 
PAGE  with  reductant,  we  have  found  Mr  values  of  88  000  and  85  000  for  the 
two  molecular  weight  forms  of  plasma  prokallikrein  (Previously  we  had  found 

M  s  of  84  000  and  81  000  using  SDS-PAGE  without  reductant:   see  ZOl  HL  01018- 
2$  CH) .   The  ratio  of  these  forms  in  the  four  isoelectric  forms,  pi  8.5,  8.8, 
9.1,  and  9.3,  has  been  estimated  by  scanning  stained  SDS-PAGE  disc  gels  to  be 
95:5,  84:16,  67:33,  and  51:49,  respectively.   Activation  of  the  four  pi  forms 
of  prokallikrein  by  catalytic  amounts  of  HF   for  several  minutes  at  '«'25°  gave 
protein  bands  with  M  s  of  53  000,  40  000,  and  37  000.   The  ratio  of  the  40  000 
to  37  000  bands  correlates  well  with  the  88  000:85  000  ratios  given  above  for 
the  four  pi  forms  of  prokallikrein.   Further  incubation  of  prokallikrein  and 
HF   in  the  presence  of  excess  CHFI  (to  block  further  action  of  HF  )  converts 
the  53  000-dalton  chain  into  two  chains  of  33  000  and  20  000,  suggesting  that 
limited  autolysis  has  occurred.   Mandle  and  Kaplan  (J.  Biol.  Chem,  252,  6097- 
6104,  1977)  have  reported  that  the  active  center  Ser  residue  is  located  in 
the  light  chains. 

2.  Hageman  Factor  Fragment(s)  (HF  ) .   Besides  the  highly  specific  pump- 
kin and  corn  inhibitors  of  HF  described  below,  we  have  tested  the  reactivity, 
k   /I  (which  approximates  k„/K.  when  K.>>I),  of  10  peptides  of  Arg  and  Lys 
cnloromethyl  ketones  synthesized  by  Drs.  C.  Kettner  and  E.  Shaw.   While  Dns- 
Ala-Phe-Arg-CH„C1  was  144  times  as  effective  in  inhibiting  plasma  kallikrein 
as  HF   (k   /l  =  4.1  and  0.17  mM  min   at  0.05  and  1.0  \M   concentrations  of 
chlorometnyi  ketone,  respectively) ,  no  chloromethyl  ketone  has  yet  been  found 
giving  the  converse  situation. 

3.  Plant  Inhibitors  of  HF^,  Plasma  Kallikrein,  Human  Urinary  Kallikrein, 
and  Trypsin.   (a)  Pumpkin  HF   Inhibitor  (PHFI) .  The  pumpkin  seed  inhibitor 

of  HF^  mentioned  in  ZOl  HL  01018-22  CH  has  been  purified  1,800-fold  in  15% 
yield  by  acetone  fractionation,  DEAE-cellulose  and  CM-Sephadex  A-25  chromato- 
graphy, and  Sephadex  G-50  gel  filtration.   A  pi  of  8.3  was  found  by  sucrose 
density  gradient  isoelectric  focusing.   The  M  values  estimated  by  Sephadex 
G-25  gel  filtration,  SDS-PAGE,  and  amino  acid^anlysis  are  4  000,  4  200,  and 
3  320,  respectively.   Amino  acid  analysis  of  PHFI  (assuming  2  mol  Val/mol 
PHFI)  gave  Asp2Ser^Glu2Pro^Gly2Ala^Cys2Val2Met^Ile^Leu^Tyr^Lys  His^Arg2  and 
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no  Thr,  Phe,  or  Trp  residues  (<0.1  mol/mol  of  inhibitor).   Assuming  an  M  of 
4  000,  the  K.  values  of  PHFI  with  trypsin  and  HF  are  1.1  x  10  M  and  3.3  x 
10~  M,  respectively.   Acid  hydrolysis  of  dansylated  PHFI  gave  only  e-Dns-Lys, 
indicating  that  the  a-amino  group  of  the  NH„-terniinal  amino  acid  residue  is 
blocked.   The  COOH- terminal  residue  was  identified  as  Arg  after  acid 
hydrolysis  of  H„0-treated  PHFI.   No  carbohydrate  was  found  by  the  phenol- 
H„SO,  method.   Except  for  M  and  pi,  PHFI  and  CHFI  are  remarkably  similar 
(see  ZOl  HL  01018-21  LC):   ^HFI  does  not  inhibit  human  plasma  or  urinary  kalli- 
kreins,  plasmin,  a-thrombin,  hog  pancreatic  kallikrein,  bovine  Factor  Xa,  or 
a- chymo trypsin.   The  inhibitory  activity  for  trypsin  of  both  CHFI  and  PHFI 
was  destroyed  by  treatment  with  1, 2-cyclohexanedione  but  not  with  trinitro- 
benzene-sulfonic  acid,  indicating  that  both  polypeptides  are  "arginine"  inhib- 
itors.  Also,  affinity  chromatography  of  both  inhibitors  on  trypsin-agarose 
columns  destroyed  '^   60%  of  their  activity  toward  HF^  but  had  no  effect  on  their 
activity  toward  trypsin.   On  the  other  hand,  no  loss  of  inhibitory  activity 
for  HF^  was  found  after  affinity  chromatography  of  PHFI  and  CHFI  on  anhydro- 
trypsin-agarose  columns.   Finally,  PHFI  significantly  prolongs  the  activated 
partial  thromboplastin  time  of  normal  human  plasma. 

(b)   Lily  Bulb  Inhibitor  of  Human  Urinary  Kallikrein  (HUK) .   The  potent  tryp- 
sin and  HUK  inhibitor  in  lily  bulb  extracts  is  being  purified  for  use  in  affin- 
ity chromatographic  purification  of  HUK.   Affinity  chromatography  of  the  lily 
inhibitor  on  trypsin-agarose  columns  showed  a  high  loss  of  inhibitory  activity 
for  HUK  but  not  for  trypsin,  whereas  the  use  of  anhydrotrypsin-agarose  gave 
a  good  recovery  of  both  activities. 

4.   Human  Plasma  Kininogen.   We  showed  previously  (ZOl  HL  01018-19  LC 
and  ZOl  HL  01016-09  CH)  that  pepsin  is  a  potent  kinin-forming  enzyme.   However, 
it  now  appears  that  pepsin  acts  only  on  the  type  I  kininogen  sometimes  pro- 
duced during  isolation  (in  this  kininogen,  the  Arg-Ser  bond  at  the  COOH-ter- 
minus  of  the  bradykinin  sequence  has  been  cleaved).   No  kinin  was  released 
when  pepsin  was  incubated  with  fresh  or  outdated  human  plasma  at  pH  2,  although 
the  expected  amount  of  Met-Lys-bradykinin  was  released  by  pepsin  when  purified 
kininogen  containing  pepsin  substrate  was  added  to  these  plasmas.   Only  small 
amounts  of  kinin  were  formed  by  peptic  digestion  of  plasma  stored  at  room 
temperature  for  several  seeks.   Pre- incubation  of  highly  purified  Prep  B  kinin- 
ogens  at  pH  6-8  and  25-37°  often  gave  much  larger  amounts  of  pepsin  substrate. 

Sucrose  density  isoelectric  focusing  of  Prep  B  kininogens  at  4°  initially 
gave  at  least  five  sharp  bands  of  precipitate  in  the  pH  5.0  region.   Unfortun- 
ately, by  the  time  fractions  were  taken,  the  precipitates  had  flocculated  and 
obliterated  the  separation  of  bands  (and  also  tended  to  stick  to  the  walls  of 
the  electrofocusing  apparatus  when  the  column  was  emptied),  so  that  the  initial 
separation  was  largely  destroyed.   In  a  second  experiment,  the  section  of  the 
gradient  containing  the  precipitated  bands  was  removed  from  the  column  soon 
after  they  had  appeared.   Treatment  of  this  fraction  with  more  ampholyte,  as 
well  as  with  Triton  X-100,  dissolved  most  of  the  precipitate.   However,  when 
the  supernate  of  the  centrifuged  fraction  was  returned  to  the  apparatus  and 
electrofocusing  was  resumed,  the  bands  of  precipitate  reformed.   Electrofocus- 
ing of  Prep  B  kininogens  in  polyacrylamide  gels  under  various  conditions 
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indicated  that  kininogens  at  their  pis  might  be  more  soluble  in  glycerol  than 
in  sucrose.   The  nonionic  detergent  BRIJ-58,  used  by  others  to  avoid  isoelec- 
tric precipitation,  in  the  present  case  enhanced  rather  than  prevented  pre- 
cipitation. 

Proposed  Course  of  Project:   Human  Plasma  Kallikrein  and  Prokallikrein. 

We  plan  to  determine  the  nature  of  the  difference  between  the  85  000-  and 

88  000-dalton  forms  of  prokallikrein  and  to  test  whether  the  former  is  derived 

from  the  latter  by  limited  proteolysis.   To  facilitate  such  studies,  we  hope 

to  separate  these  two  molecular  weight  forms. 

Hageman  Factor .   Further  kinetic  studies  of  the  inhibition  of  HF  ,  as  well  as 
plasma  kallikrein,  by  peptide  chloromethyl  ketones  and  by  other  synthetic 
active  site  inhibitors  will  be  done. 

Plant  Inhibitors.   Work  is  in  progress  to  recover  pure  native  inhibitors  from 
pumpkin  and  corn  seeds  and  from  lily  bulbs  by  affinity  chromatography  on 
anhydrotrypsin-agarose  columns. 

Kininogen.   Further  attempts  to  resolve  the  isoelectric  forms  of  kininogen 
in  plasma  and  in  purified  fractions  will  be  made  for  purposes  of  comparing 
these  forms  with  those  previously  obtained  by  DEAE-cellulose  chromatography 
and  determining  if  they  are  present  in  fresh  plasma  treated  in  various  ways 
designed  to  enhance  or  to  prevent  limited  proteolysis. 

Publications: 

Proud,  D. ,  Pierce,  J.V.,  and  Pisano,  J.J.:   Radio immimoas say  of  human 
high  molecular  weight  kininogen  in  normal  and  deficient  plasmas.   J.  Lab.  Clin. 
Med.  ^:  563-574,  1980. 

0rstavik,  T.B.,  Brandtzaeg,  P.,  Nustad,  K. ,  and  Pierce,  J.V.:   Immuno- 
histochemical  localization  of  kallikrein  in  human  pancreas  and  salivary  glands. 
J.  Histochem.  Cytochem.  28:  557-562,  1980. 

Kettner,  C. ,  Mirabelli,  C,  Pierce,  J.V.,  and  Shaw,  E. :   Active  site 
mapping  of  human  and  rat  urinary  kallikreins  by  peptidyl  chloromethyl  ketones. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Immunoreactive  glandular  kallikrein  has  been  detected  in  rat  plasma  using  a 
radioimmunoassay  (RIA)  for  rat  urinary  kallikrein  (RUK) .   Gel  filtration  of  rat 
plasma  revealed  three  peaks  of  antigen.   Only  the  third  peak  (Peak  3)  showed  immun 
ological  identity  to  RUK.   Bilateral  nephrectomy  significantly  (p<.001)  increased 
the  antigenic  contents  of  whole  plasma  and  of  Peak  3.   No  significant  difference 
in  either  whole  plasma  antigen  or  gel  filtration  profile  was  seen  when  pancreatec- 
tomized  rats  were  compared  to  sham-operated  controls,  but  both  whole  plasma  anti- 
gen and  the  antigenic  content  of  Peak  3  were  significantly  reduced  (p<.001)  after 
bilateral  submandibular/sublingual  gland  excision.  Peak  3  was  indistinguishable 
from  purified  rat  glandular  kallikreins  on  gel  filtration.   Purified  Peak  3,  how- 
ever, had  no  activity  against  kininogen  or  the  chromogenic  substrate  S-2266,  and 
showed  a  consistently  smaller  molecular  weight  (29,500)  on  SDS-polyacrylamide  gel 
electrophoresis  than  that  of  RUK  (32,000).   Hence,  glandular  kallikrein  circulates 
m  rat  plasma  in  an  inactive  form.   The  submandibular  and  sublingual  glands  appear 
to  be  a  major  source  of  the  plasma  antigen  and  the  kidney  plays  an  important  role 
m  the  clearance  and/or  metabolism  of  glandular  kallikrein  from  plasma. 
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Objectives:  To  continue  studies  to  characterize  glandular  kalllkreln  In  rat 
plasma  and  to  determine  Its  orlgln(s) . 

Methods:   Radioimmunoassay  for  rat  glandular  kalllkreln  (Project  No.  ZOl  HL 
01927-01  HE).   Surgical  removal  of  organ  beds.   Gel  filtration  and  ion-exchange 
chromatography.   Assays  for  functional  kalllkreln  using  a  chromogenlc  substrate 
or  bloassay  of  klnln  released  from  kininogen. 

Major  Findings:   Immunoreactive  glandular  kalllkreln  has  been  detected  in  rat 
plasma.   Although  rat  plasma  did  not  cross-react  in  a  parallel  manner  In  the 
RIA,  a  highly  significant  (p<.001)  4-fold  Increase  in  antigen  was  seen  after 
bilateral  nephrectomy.   To  further  investigate  this  finding  plasmas  were  gel 
filtered  and  three  peaks  of  antigen  were  detected  in  both  sham-operated  and 
nephrectomlzed  rats.   The  first  two  peaks  appear  to  represent  inhibitor  com- 
plexes and  the  antigenic  contents  of  these  peaks  were  similar  in  both  nephrec- 
tomlzed and  sham-operated  animals.   In  contrast,  the  third  peak  showed  immuno- 
logical identity  to  rat  urinary  kalllkreln  (RUK)  and  the  antigenic  content  of 
this  peak  was  increased  about  6-fold  in  nephrectomlzed  rats  compared  to  sham- 
operated  controls,  hence  supporting  the  data  obtained  with  whole  plasmas. 

Further  evidence  that  the  kidney  is  not  a  major  source  of  glandular  kalll- 
kreln in  rat  plasma  comes  from  measurements  made  on  rat  renal  lymph  and  on 
plasmas  obtained  simultaneously  from  a  renal  artery  and  a  renal  vein.   Although 
these  results  cannot  be  regarded  as  definitive,  due  to  the  non-parallel  cross- 
reaction  of  plasma,  no  arterio- venous  difference  could  be  detected  across  the 
kidney  and  renal  lymph  contained  levels  of  antigen  which  were  not  significantly 
greater  than  those  detected  in  plasma. 

In  pancreatectomized  rats  the  antigenic  content  of  whole  plasma  and  the 
profile  obtained  after  gel  filtration  did  not  differ  from  those  of  sham-opera- 
ted controls.   Bilateral  submandibular/ sublingual  gland  excision,  however, 
caused  significant  reduction  in  whole  plasma  antigen  levels  and  the  antigenic 
content  of  Peak  3  when  compared  to  controls.   Bilateral  submandibular/sublin- 
gual gland  excision  was  performed  in  conjunction  with  bilateral  nephrectomy. 
The  increases  In  whole  plasma  antigen  and  in  Peak  3  which  were  produced  by 
nephrectomy  alone  were  not  seen  after  the  combined  surgery. 

Peak  3  was  indistinguishable  from  purified  RUK  and  rat  submandibular  kal- 
llkreln on  gel  filtration  and  behaved  like  a  typical  glandular  kalllkreln  on 
ion-exchange  chromatography.   Purified  Peak  3,  however,  had  no  activity  against 
kininogen  or  the  chromogenlc  substrate  S-2266,  and  showed  a  consistently  small- 
er molecular  weight  (29  500)  on  SDS-polyacrylamide  gel  electrophoresis  than 
that  of  RUK  (32  000).   Peak  3  could  not  be  activated  by  trypsin. 

Hence  Peak  3  appears  to  represent  glandular  kalllkreln  which  as  been  in- 
activated in  such  a  way  as  to  leave  the  molecule  almost  Intact  and  immunologi- 
cally unchanged.   The  submandibular  and  sublingual  glands  appear  to  be  the  major 
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source  of  this  antigen.   It  is  not  known  if  the  antigen  enters  the  venous 
effluents  of  the  glands  and  is  inactivated  after  entering  the  circulation  or 
if  the  enzyme  is  swallowed  in  saliva,  inactivated  in  the  stomach  and  then 
absorbed  across  the  intestine.   Ultimately,  the  antigen  is  cleared  by  the 
kidney  where  it  may  contribute  to  urinary  antigen  levels  but  not  to  levels 
measured  by  esterase  or  biological  activity. 

Proposed  Course:   No  further  studies  are  planned. 
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Annual  Report  of  the 
Clinical  Hematology  Branch 
National  Heart,  Lung,  and  Blood  Institute 
October  1,  1979  to  September  30,  1980 

The  research  of  this  Branch  is  directed  toward  understanding  the  under- 
lying causes  and  developing  effective  treatment  for  the  major  red  cell  dis- 
orders.  Red  cell  diseases  which  produce  significant  morbidity  and  mortality 
include  thalassemia,  severe  hemoglobinopathies  of  which  sickle  cell  anemia  is 
the  most  common,  and  the  various  syndromes  of  bone  marrow  failure.   In  our 
laboratory  investigations,  we  attempt  to  focus  the  most  advanced  techniques 
and  conceptual  knowledge  on  several  problems.   These  include  analysis  of  the 
differentiation  and  maturation  of  erythroid  stem  cells,  elucidation  of  globin 
gene  structure  and  expression,  and  investigation  of  the  phenomenon  of  hemoglo- 
bin switching  whereby  one  hemoglobin  is  replaced  by  another  during  normal 
development.   Our  clinical  projects  are  mainly  directed  toward  devising  or 
applying  new  therapeutic  strategies.   Many  patients  with  chronic  anemia  re- 
quire regular  blood  transfusions  and  often  develop  pathological  iron  overload. 
Efforts  are  directed  toward  defining  the  extent  of  organ  dysfunction  due  to 
iron  and  to  accessing  the  potential  benefit  of  iron  chelation  in  these  pa- 
tients,  A  randomized  trial  comparing  various  methods  of  immunosuppressive 
therapy  is  being  conducted  in  patients  who  have  bone  marrow  failure  which  may 
be  immunologically  mediated. 

Much  of  the  work  in  the  Clinical  Hematology  Branch  relates  to  the  general 
problem  of  hemoglobin  switching.   In  man  and  other  species,  embryonic  hemo- 
globin-produced early  in  gestation  -  is  replaced  by  fetal  hemoglobin  which  is 
the  predominant  oxygen  carrying  pigment  in  circulating  red  cells  during  the 
latter  two  thirds  of  gestation.   Around  the  time  of  birth,  this  fetal  hemo- 
globin is  replaced  by  adult  hemoglobin.   The  hemoglobin  molecule  is  a  tetramer 
composed  of  four  polypeptides.   In  human  adult  hemoglobin  (Hb  A)  two  are  a  and 
two  are  3  globin  while  in  fetal  hemoglobin  (Hb  F) ,  two  a  globin  chains  combine 
with  two  y  globin  chains.   The  human  g  and  y  globins  are  encoded  by  closely 
linked  genes  on  chromosome  11,  whereas  the  a  globin  genes  lie  on  chromosome 
16.   Thus  the  switch  from  Hb  F  to  Hb  A  reflects  selective  expression  of  the 
closely  linked  and  structurally  analogous  y  and  6  globin  genes.   Our  efforts 
have  focused  on  elucidation  of  the  manner  in  which  this  development  switch 
in  hemoglobin  synthesis  is  regulated  with  the  goal  of  attempting  to  devise 
some  means  to  increase  fetal  hemoglobin  synthesis  in  patients  with  severe  dis- 
orders of  hemoglobin  structure  or  production. 

The  recombinant  DNA  and  molecular  cloning  techniques  provide  powerful 
tools  to  investigate  gene  structure  and  organization.   Studies  by  other  work- 
ers have  shown  that  the  3-like  globin  gene  cluster  includes  two  Y  genes,  a  6 
gene,  and  a  3  gene  arranged  in  that  order  on  the  chromosome  and  separated  by 
3.5,  13.5,  and  4.5  kilobases  (kb)  of  DNA,  respectively.   Our  studies  of  the 
genomic  region  which  includes  this  gene  cluster  have  led  to  the  isolation  of 
a  number  of  recombinant  bacteriophage  containing  3-like  genes.  (Individual  pro- 
ject report:   Characterization  of  the  DNA  sequences  surrounding  the  human  3- 
like  globin  genes).   We  have  found  that  the  e   gene  which  encodes  for  an  embry- 
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onic  3  like  globin  is  14  kb  from  one  of  the  two  y  globin  genes.   The  y  and  B 
globin  genes,  although  they  presumably  arose  by  a  gene  duplication  event,  are 
now  embedded  in  DNA  regions  which  bear  little  homology  to  one  another.   A 
6,4  kb  segment  of  DNA  downstream  from  the  g  globin  gene  was  found  to  be  one 
member  of  a  family  of  moderately  repetitive  DNA  sequences  which  constitutes 
0.5  -  1.0%  of  the  entire  human  genome.   These  examples  illustrate  the  manner 
in  which  the  molecular  cloning  techniques  have  facilitated  definition  of  the 
anatomy  of  the  globin  gene  region.   Our  goals  now  include  the  definition  of 
the  function  of  the  repetitive  DNA  sequences.   Also  we  hope  to  obtain  a  tran- 
scriptional map  of  the  entire  region  thereby  learning  whether  other  expressed 
structural  genes  are  included. 

The  thalassemias  are  congenital  anemias  characterized  by  deficient  syn- 
thesis of  one  of  the  globin  components  of  the  hemoglobin  molecule.   In  B  thal- 
assemia, a  small  amount  of  B  globin  may  be  produced  or  alternatively  -  B  glo- 
bin synthesis  may  be  completely  absent.   Thus  these  disorders  represent  ex- 
amples of  regulatory  mutations.   Our  analysis  is  focused  on  identifying  the 
molecular  lesions  in  patients  with  these  disorders  with  the  anticipation  that 
insights  into  normal  gene  regulation  may  be  achieved  (Individual  project 
report:  "Molecular  defect  in  B  thalassemia").   Knowledge  of  normal  gene  struc- 
ture has  facilitated  our  study  of  3  thalassemic  mutations.   All  normal  globin 
genes  include  two  introns  or  intervening  sequences  which  divide  the  coding 
parts  of  the  gene  into  three  segments.   In  the  human  B  gene,  the  smaller  in- 
tron  is  approximately  100  nucleotides  in  length  while  the  larger  is  850  nuc- 
leotides.  We  have  identified  an  1800  nucleotide  globin  mRNA  precursor  in  hu- 
man bone  marrow  cells  which  represents  an  RNA  transcript  containing  sequences 
copied  from  the  coding  blocks  and  the  two  introns.   This  precursor  is  analo- 
gous to  those  previously  identified  for  mouse  and  rabbit  B  globin  mRNA.   Pro- 
cessing of  the  precursor  to  mature  mRNA  involves  excision  of  the  intervening 
sequence  RNA  and  precisely  correct  ligation  of  the  mRNA  coding  sequences  to 
give  a  functional  mRNA  molecule.   The  precursor  RNA  is  thought  to  include  sig- 
nals in  the  form  of  specific  sequences  which  allows  this  precise  splicing  to 
occur.   Support  for  the  hypothesis  that  the  3  thalassemias  may  represent  muta- 
tions which  affect  processing  of  the  B  globin  mRNA  precursor  includes  our 
finding  that  the  concentration  of  precursor  molecules  is  two  to  three  fold 
higher  in  bone  marrow  cells  of  four  patients  with  B  thalassemia  than  in  con- 
trols with  an  equal  degree  of  erythroid  hyperplasia.   Furthermore,  B  globin 
mRI^A  synthesis  was  found  to  be  normal  relative  to  a  in  cells  from  two  thal- 
assemic patients  but  there  was  a  delay  in  the  transport  of  newly  synthesized 
B  globin  mRNA  sequences  from  nucleus  to  cytoplasm.   These  two  patients  bone 
marrow  cells  also  contained  abnormal  precursor  molecules  not  found  in  the 
controls.   Thus  these  data  establish  that  defects  in  processing  of  the  B  glo- 
bin mRNA  precursor  may  cause  B  thalassemia.   Further  study  of  these  mutations 
should  help  identify  RNA  sequences  necessary  for  normal  processing,  lead  to 
the  elucidation  of  the  normal  pathway  for  removal  of  intervening  sequence  RNA 
and  facilitate  identification  of  obligate  processing  intermediates. 

More  directly  relevant  to  the  problem  of  hemoglobin  switching  have  been 
our  measurements  of  the  concentration  of  y  and  B  globin  mRNA  precursors  in 
fetal  and  adult  red  cells  (Individual  project  report:   "Molecular  Defect  in 
B  Thalassemia").   The  large  intron  of  each  of  the  genes  is  contained  in  a  Bam 
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HI:  Eco  RI  fragment  which  includes  very  little  globin  coding  sequence.   Thus 
these  fragments,  when  made  radioactive,  can  be  used  as  probes  in  solution  hy- 
bridization reactions  with  total  cellular  RNA  to  measure  the  concentration  of 
precursor  mRNA  specifically.   We  have  found  that  the  concentrations  of  mature 
y  and  3  mRNA  in  cells  from  the  fetal  and  adult  developmental  periods  are  rough- 
ly proportional   to  the  concentration  of  their  precursors.   These  results  sug- 
gest that  modulation  of  the  level  of  expression  of  these  genes  occurs  at  the 
level  of  transcription.   Two  3-like  genes  are  expressed  in  adult  human  bone 
marrow  cells,  those  for  6  and  3  globin;  these  two  globins  are  produced  in  a 
ratio  of  1:40  respectively.   We  found  that  the  6   globin  mRNA  precursor  is 
present  in  bone  marrow  cells  at  only  one  tenth  the  concentration  of  the  6  glo- 
bin mRNA  precursor  suggesting  that  the  widely  differing  amounts  of  these  two 
globins  in  adult  red  cells  is  based  on  different  rates  of  transcription  of  the 
two  genes. 

An  experimental  animal  which  is  highly  suitable  for  investigation  of  he- 
moglobin switching  is  the  sheep  for  this  species  exhibits  a  fetal   to  adult 
hemoglobin  switch  that  is  quite  analogous  to  that  which  occurs  in  man.   Fur- 
thermore, certain  sheep  have  an  additional  3  globin  gene  which  is  specifically 
activated  during  anemia,  apparently  by  direct  action  of  the  hormone-erythro- 
poietin-on  erythroid  stem  cells.   Thus  the  switch  to  Hb  C  production  is  a 
readily  manipulable  phenomenon  which  can  be  approached  experimentally.   Our 
work  using  the  sheep  model  is  organized  among  two  lines:  1)  molecular  analysis 
of  globin  gene  structure  and  expression  in  developing  erythroblasts  and  2) 
cellular  analysis  of  the  commitment  to  express  particular  globin  genes  which 
occurs  in  early  erythroid  stem  cells. 

The  current  goal  of  our  molecular  analysis  of  hemoglobin  production  in 
sheep  is  the  characterization  of  the  various  globin  genes  (Individual  project 
report:  "Regulation  of  the  sheep  globin  genes").   Our  desire  is  to  deduce  the 
general  map  of  the  3-like  globin  gene  cluster,  to  define  the  distances  between 
the  genes,  and  to  define  their  general  structure.   In  the  past  year  we  have 
performed  a  detailed  comparison  of  genes  encoding  for  the  fetal  (y)  and  adult 
(3  )  globin  genes.   The  identity  of  these  genes  was  established  by  obtaining 
the  nucleotide  sequence  for  most  of  their  coding  blocks.   Appropriate  trans- 
cription and  RNA  processing  signals  established  these  as  functional  genes  for 
the  fetal  and  adult  globins.   Nonetheless,  the  nucleotide  sequence  upstream 
from  the  genes  were  highly  similar  in  the  area  which  includes  the  putative 
promoter  for  RNA  transcription  suggesting  that  selective  expression  of  these 
genes  may  not  be  modulated  in  this  region.   Furthermore,  the  two  globin  genes 
are  included  in  8  kb  segments  of  generally  homologous  DNA  despite  their  highly 
selective  expression  and  in  sharp  contrast  to  the  dishomology  found  in  the 
flanking  regions  of  the  human  y  and  3  globin  genes  (Individual  project  report: 
"Characterization  of  DNA  sequences  surrounding  the  human  3-like  globin  genes"). 
The  sheep  globin  genes  also  differ  from  the  globin   genes  of  other  species  in 
that  they  are  widely  separated  on  the  chromosome,  e.g.  there  is  12-15  kb  of 
DNA  on  either  side  of  the  y  globin  gene  which  does  not  contain  another  globin 
gene.   Furthermore,  the   large  introns  of  the  y  and  3  globin  genes  both  con- 
tain moderately  repetitive  DNA  sequences.   To  date  we  have  isolated  five  addi- 
tional sheep  3-like  globin  genes  in  recombinant  bacteriophage.   These  genes 
either  encode  for  embryonic  3-like  globins  or  alternatively  they  are  non-func- 
tional or  pseudogenes  which  do  not   encode  for  a  globin  produced  at  any  stage 
of  development.   Only  in  one  case  was  linkage  between  two  separate  genes 
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established.   Thus  although  we  have  already  made  considerable  progress  in 
characterizing  the  sheep  3-like  globin  gene  cluster,  much  additional  work  is 
required  before  the  structural  anatomy  of  this  region  of  the  genome  is  fully 
defined.   Only  then  will  meaningful  studies  of  chromatin  structure  and  the 
development  of  a  general  transcriptional  map  as  outlined  in  individual  project 
reports  "Structure  of  the  Globin  Genes  in  Chromatin"  and  "Regulation  of  the 
Sheep  Globin  Genes"  become  possible.   Nonetheless  the  general  techniques  of 
molecular  cloning  and  recombinant  DNA  are  sufficiently  powerful  to  obtain  the 
desired  information  and  therefore  these  studies  will  be  continued. 

The  second  general  approach  to  understanding  the  regulation  of  globin 
genes  utilizes  culture  techniques  to  examine  erythroid  stem  cells.   These 
cells,  present  in  small  numbers,  cannot  be  defined  morphologically  but  can  be 
recognized  by  the  development  of  progeny  colonies  in  semisolid  media.   The 
more  primitive  of  these  stem  cells  (BFU-E)  have  high  proliferative  potential 
and  give  rise  to  very  large  colonies  in  vitro  whereas  the  more  mature  stem 
cells  (CFU-E)  have  lower  proliferative  potential  and  give  rise  to  smaller 
colonies.   The  erythropoietin  induced  synthesis  of  Hb  C  in  sheep  has  been  ex- 
plored extensively  using  this  methodology  (Individual  project:   "Cellular 
analysis  of  hemoglobin  switching  in  sheep").   We  have  learned  that  erythroid 
stem  cells  are  committed  early  in  their  development,  to  give  rise  to  progeny 
erythroblasts  which  express  the  pattern  of  hemoglobin  synthesis  determined 
at  the  commitment  stage.   During  the  past  year,  analysis  of  the  production  of 
Hb'C  and  Hb  F  made  in  single  fetal  erythroid  colonies  has  established  that 
both  types  of  hemoglobins  are  synthesized  not  only  in  individual  bursts  but 
also  in  the  individual  sub-colonies  of  bursts.   Thus  current  evidence  suggest 
that  the  concentration  of  erythropoietin   to  which  a  stem  cell  is  exposed  at 
a  critical  phase  in  its  development  determines  the  relative  portions  of  3 
and  3  globin  synthesis  in  its  progeny  erythroblasts.   By  obtaining  serial 
bone  marrow  samples  from  a  young  animal  following  injection  of  erythropoietin 
we  have  found  that  there  is  a  small  change  in  the  proportions  of  Hb  A  and  Hb 
C  made  during  the  erythroblast  maturation  phase  of  red  cell  production  al- 
though the  primary  modulation  of  this  switching  phenomenon  is  clearly  at  the 
stem  cell  stage.   The  molecular  means  by  which  erythropoietin  exerts  its 
action  is  unknown  although  we  have  learned  that  erythropoietin  accelerates 
the  rate  of  cell  division  and  therefore,  presumably  changes  the  duration  of 
various  parts  of  the  cell  cycle  during  differentiation  and  maturation  of  the 
stem  cells  into  erythroblasts. 

Even  the  earliest  stem  cells  that  we  are  currently  able  to  assay  in  our 
in  vitro  system  are  already  committed  with  regard  to  fetal  or  adult  hemoglo- 
bin synthesis.   Thus  erythroid  colonies  derived  from  stem  cells  in  fetal  tissue 
make  fetal  hemoglobin  whereas  erythroid  colonies  derived  from  stem  cells  in 
adult  tissue  make  adult  hemoglobin.   Presumably,  the  commitment  step  occurs  at 
some  earlier  developmental  stage  than  that  of  the  stem  cells  which  are  current- 
ly forming  colonies  in  our  assay  system.   Thus  to  study  fetal  to  adult  hemo- 
globin switching  at  the  cellular  level  in  more  detail  it  will  be  necessary  to 
develop  assay  systems  capable  of  characterizing  even  more  primitive  erythroid 
stem  cells. 

The  realization  that  the  current  assay  system  for  examining  erythroid 
stem  cells  may  not  be  adequate  to  add  significantly  to  our  knowledge  of  hemo- 


globln  switching  has  prompted  us  to  explore  other  lines  of  investigation. 
The  general  strategy  to  be  utilized  is  outlined  in  the  individual  project 
report  "Use  of  hybridoma  technology  in  the  study  of  erythroid  differentia- 
tion".  Hybridomas  are  clones  of  antibody  producing  cells  derived  by  fusion 
of  mouse  myeloma  cells  with  spleen  cells  from  mice  immunized  with  the  anti- 
gen of  interest.   The  power  of  this  technology  is  that  the  antibodies  pro- 
duced, being  the  products  of  progeny  cells  derived  from  a  single  fusion 
event,  have  monoclonal  specificity.   Thus  even  when  a  mixture  of  antigens  or 
a  cell  population  having  a  diversity  of  surface  determinants  are  used  for 
immunization,  after  proper  screening  of  many  hybridoma  clones,  cells  produ- 
cing antibodies  with  unique  specificity  can  be  obtained.   For  example,  al- 
though erythropoietin  is  available  only  in  impure  form  for  use  as  an  immuno- 
gen,  we  are  attempting  to  obtain  hybridoma  clones  producing  monospecific  anti- 
bodies directed  toward  this  hormone.   The  availability  of  such  an  antibody 
would  greatly  facilitate  the  large  scale  purification  of  erythropoietin  and 
could   also  be  used  in  many  studies  of  the  mechanism  of  action  and  physiology 
of  the  hormone.   We  are  also  using  erythroid  cell  populations  which  contain 
stem  cells  as  immunogens  in  an  effort  to  obtain  antibodies  directed  toward 
stem  cell  surface  markers.   A  number  of  clones  producing  antibodies  which 
react  with  K562  human  erythroleukemia  cells  have  been  obtained.   The  sera 
from  the  animals  which  provided  the  spleen  cells  used  in  the  cell  fusions, 
does  not  react  with  human  peripheral  blood  cells  but  only  reacts  with  a 
small  fraction  of  human  bone  marrow  cells  making  us  hopeful  that  the  hybri- 
doma generated  antibodies  will  be  relatively  uniquely  directed  toward  ery- 
throid stem  cell  populations.   The  availability  of  such  antibodies  could 
lead  to  stem  cell  purification  and  further  clarification  of  the  role  of 
stem  cells  at  various  stages  in  the  developmental  pathway  in  modulating  the 
patterns  of  hemoglobin  switching  in  man. 

Related  to  these  immunological  studies  of  erythroid  differentiation  are 
our  efforts  to  define  immunologically  mediated  bone  marrow  failure  syndromes 
in  man  to  treat  these  conditions  with  immunosuppressive  therapy.   (Indivi- 
dual project  report:   "Hematopoiesis  in  Culture").   Sera  from  patients  with 
pure  red  cell  aplasia  contain  antibodies  which  destroy  stem  cells  by  a  com- 
plement mediated  mechanism.   Such  sera  might  be  useful  in  purifying  erythroid 
stem  cells  from  peripheral  blood.   Treatment  of  two  patients  with  pure  red 
cell  aplasia  with  plasmapheresis  to  remove  their  serum  antibody  and  with  Cy- 
toxan and  prednisone  to  suppress  the  antibody  producing  cells  has  resulted 
in  clinical  improvement.   These  patients  had  not  responded  to  immunosuppre- 
sive  therapy  alone.   In  light  of  these  initially  encouraging  results,  this 
clinical  protocol  will  be  continued  to  detennlne  whether  this  form  of  ther- 
apy will  be  of  long  term  benefit.   Analogous  studies  in  patients  with  severe 
aplastic  anemia  are  being  conducted  although  an  immunological  basis  for  this 
disorder  remains  somewhat  conjectural. 

The  goal  of  introducing  functional  genes  into  the  cells  of  patients  with 
monogenetic  mutations  and  thereby  providing  genetic  therapy  for  severe  homozy- 
gous defects  seems  more  realistic  based  on  the  recent  explosion  of  knowledge 
about  gene  structure  and  the  availability  of  several  strategies  to  introduce 
genes  into  eukaryotic  cells.   Treatment  of  homozygous  B  thalassemia  with  peri- 
odic blood  transfusions  produces  paliation  but  recent  results  of  our  chelation 
trial  (see  individual  project"  "Iron  chelation  in  transfusional  hemochroma- 
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tosis")  suggests  that  even  removal  of  substantial  amounts  of  iron  with  sub- 
cutaneously  administered  desferrioxamine  may  not  prevent  the  development  of 
cardiac  complications  in  such  patients.   Similarly  the  currently  available 
strategies  for  treatment  of  sickle  cell  anemia  rely  only  on  supportive  care 
and  periodic  transfusion  and  thus  are  not  satisfactory.   These  considerations 
provided  us  with  a  strong  impetus  to  actively  pursue  the  goal  of  providing 
gene  therapy  for  these  conditions. 

Current  strategy  to  introduce  genes  into  cells  in  vitro  rely  on  the  use 
of  a  selectable  marker  to  insure  proliferation  of  only  those  cells  into  which 
gene  transfer  has  been  affected.   We  are  using  the  gene  for  the  enzyme,  dihy- 
drof olate  reductase  (DHFR) .   Increased  concentrations  of  this  enzyme  render 
cells  impervious  to  otherwise  highly  toxic  concentrations  of  methotrexate. 
A  hybrid  virus  has  been  constructed  in  which  the  coding  sequences  for  DHFR 
replace  those  for  the  coat  proteins  of  SV-40.   This  virus  causes  an  increase 
in  DHFR  activity  during  late  lytic  infection  in  permissive  monkey  kidney 
cells.  Its  potential  for  conferring  resistance  to  methotrexate  on  non-per- 
missive cells  is  being  explored.   Also  constructed  are  recombinants  in  which 
the  early  region  promoter  of  SV40  is  used  with  DHFR  coding  sequences.   Based 
on  current  knowledge,  these  genes  have  a  higher  probability  of  being  expressed 
in  cells  which  are  non-permissive  for  SV-40  infection. 

Ultimately  the  plan  is  to  link  a  functional  DHFR  gene  with  a  globin  gene 
and  introduce  this  recombinant  into  bone  marrow  cells.   Our  experiments  cul- 
minating in  the  introduction  of  the  human  3  gene  into  mouse  fibroblasts  (Indi- 
vidual project:   "Transformation  of  mammalian  cells")  has  led  us  to  realize 
that  aberrant  transcription  and  a  low  level  of  gene  expression  might  be  the 
outcome  of  introduction  of  globin  genes  into  bone  marrow  cells.   Remaining 
to  be  defined  are  the  necessary  DNA  sequences  which  will  lead  to  a  high 
level  of  expression  of  the  globin  gene  in  the  bone  marrow  cell  environment. 
Therefore,  additional  recombinants  will  be  constructed  which  include  DNA 
sequences  which  may  enhance  expression  of  globin  genes.   These  studies  are 
being  pursued  with  the  hope  that  useful  genetic  therapy  will  result  but  with 
the  confidence  that  meaningful  information  about  the  regulation  of  gene  ex- 
pression will  almost   certainly  be  forthcoming. 

The  several  projects  within  this  Branch  are  related  to  the  biosynthesis 
of  hemoglobin,  the  regulation  of  production  of  specific  hemoglobins  and  the 
development  and  differentiation  of  erythroid  stem  cells.   From  this  compre- 
hensive approach  we  hope  to  provide  an  experimental  basis  for  optimal  thera- 
peutic approaches  to  various  red  cell  disorders. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

These  studies  are  directed  toward  determining  the  molecular  lesion  affecting 
g-globin  production  in  patients  with  homozygous  g-thalassemia.   Bone  marrow  cells 
from  four  patients  with  homozygous  g"*"- thalassemia  contained  twice  as  many  precurso 
g glob in  mRNA  molecules  than  did  control  cells  suggesting  that  transcription  of  the 
g  globin  gene  is  normal  but  that  processing  of  the  precursor  may  be  defective. 
In  contrast,  the  precursor  to  S   globin  mRNA "was  present  in  a  much  lower  concentra- 
tion than  g  precursor  in  both  control  and  g-thalassemic  cells  suggesting  that  the 
disparity  in  the  amounts  of  Hb  A  and  Hb  A2  in  human  red  cells  occurs  because  of 
different  rates  of  transcription  of  the  6  and  6  genes.   Synthesis  of  g  globin  mRNA 
was  found  to  be  normal  when  g''"-thalassemic  bone  marrow  cells  were  incubated  in 
vitro  with  [^H]  nucleotides  but  there  was  a  delay  in  transport  of  radioactive 
globin  mRNA  sequences  from  nucleus  to  cytoplasm  again  suggesting  a  processing  de- 
fect. Finally,  RNA  from  two  patients  was  subjected  to  electrophoresis  in  an  agaros^ 
gel  and  abnormal  precursor  molecules  were  defined  by  a  hybridization  reaction. 
These  results  suggest  that  g"^-thalassemia  may  occur  because  of  mutations  which 
affect  RNA  processing.  Efforts  are  now  directed  towards  purifying  globin  genes  frojn 
patients  with  processing  defects  so  that  the  mutations  may  be  defined  at  the  DNA 
sequence  level. 
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Objectives: 

The  objective  of  these  studies  is  to  use  the  naturally  occurring  model  of 
defective  gene  expression  provided  by  3-thalassemia  to  attempt  to  understand 
gene  regulation.  Patients  with  this  disorder  make  less  than  adequate  quanti- 
ties of  a  normal  polypeptide  and  thus  may  be  said  to  have  regulatory  mutations. 
Recognition  of  certain  molecular  lesions  in  this  disease  may  provide  clues  as 
to  the  specific  mechanism  for  regulation  of  expression  of  individual  genes  in 
huiaan  cells.  Furthermore j,  appreciation  of  the  molecular  basis  of  this  disor- 
der may  suggest  an  approach  to  specific  therapy. 

Methods: 

1.  Quantitation  of  globin  mRNA  precursors:   Total  cellular  RNA  is  iso- 
lated by  standard  techniques  and  annealed  to  a  radioactive  probe  specific  for 
RNA  sequences  found  in  the  B  precursor.   This  probe  is  a  cloned  Bam  HI-Eco  RI 
DNA  fragment  obtained  from  AH3G1,  a  recombinant  bacteriophage  which  contains 
the  human  6  and  g  globin  genes,  and  subcloned  using  the  plasmid-pBR322.   For- 
mation of  radioactive  duplex  is  quantitated  by  using  a  single  strand  specific 
nuclease  or  by  batch  chromatography  on  hydroxylapatite.   Measurement  of  6  and 
y  globin  mRNA  precursor  concentrations  is  by  analogous  techniques  using  the 
cloned  large  intron  fragments  from  these  genes. 

2.  Analysis  of  RNA  metabolism:   Bone  marrow  cells  are  fractionated  by 
buoyant  density  centrifugation  to  eliminate  most„of  the  enucleated  red  cells. 
The  remaining  nucleated  cells  are  incubated  in  [  H]nucleosides  for  periods 
ranging  from  20  minutes  to  2  hours  and  then  chased  in  cold  uridine  for  periods 
up  to  20  hours.   RNA  is  isolated  by  extraction  in  guanidinium  hydrochloride 
followed  by  buoyant  density  centrifugation  in  cesium  chloride.   Radioactive 
globin  mRNA  sequences  are  recovered  by  annealing  to  cellulose  to  which  has 
been  bound  appropriate  DNA  fragments  from  recombinant  plasmids  containing  the 
human  a  or  3  genes  derived  from  cDNA.   The  RNA  is  eluted  and  the  a  or  3  mRNA 
sequences  are  quantitated  by  determining  the  fraction  which  is  protected  from 
RNAse  digestion  by  human  non-radioactive  globin  cDNA. 

3.  Characterization  of  globin  mRl"^A  precursors:   Nuclear  or  total  poly- 
adenylated  RNA  from  human  bone  marrow  cells  is  fractionated  by  electrophore- 
sis in  agarose  gels  containing  methyl  mercury.   The  RNA  is  transferred  to  diaz- 
otized  cellulose  paper  and  annealed  to  probes  specific  for  either  intron  or 
coding  sequences. 

4.  Molecular  cloning  of  human  globin  genes:   High  molecular  weight  human 
DNA  is  partially  digested  with  Eco  RI.   A  fraction  corresponding  to  10-20  kilo- 
bases  (kb)  in  length  is  purified  by  sucrose  gradient  centrifugation  and  ligated 
to  the  purified  arms  of  Charon  4A  and  cloned  into  E.  Coli.   Alternatively,  high 
molecular  weight  human  DNA  is  digested  with  Hind  III,  size  fractionated  by 
agarose  gel  electrophoresis  to  obtain  fragments  ranging  from  7-9  kb  in  length, 
ligated  to  a  plasmid  vector  linearized  with  Hind  III,  and  cloned  into  E.  Coli. 
Recombinants  containing  globin  gene  sequences  are  identified  by  plaque  or  col- 
ony hybridization  using  a  probe  specific  for  human  3  globin  genes. 
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5.   Restriction  endonuclease  mapping:   High  molecular  weight  DNA  Is  pre- 
pared from  peripheral  blood  leukocytes  by  proteinase  K  digestion,  phenol  ex- 
traction, dialysis,  RNAse  digestion,  phenol  extraction  and  a  final  dialysis 
step.   This  high  molecular  weight  purified  DNA  is  digested  with  specific  re- 
striction endonucleases,  fractionated  by  agarose  gel  electrophoresis,  and 
transferred  to  a  nitrocellulose  filter  by  "blotting"  and  the  fragments  contain- 
ing globin  gene  sequences  or  other  specific  sequences  are  identified  by  anneal- 
ing the  filter  to  a  radioactive  probe  followed  by  radioautography. 

Major  Findings: 

1.  Globin  mRNA  precursor  concentration:   The  large  introns  of  the  y,  6, 
and  6  globin  genes  may  be  readily  isolated  from  recombinants  containing  these 
genes  as  Bam  HI:Eco  RI  fragments.   Because  the  intron  sequences  are  represented 
in  precursor  mRNA  molecules  but  not  in  the  mature  mRNA,  these  introns  may  be 
used  as  specific  probes  to  measure  precursor  mRNA  concentrations.   Using  this 
approach  we  have  shown  that  the  3  globin  mRNA  precursor  is  present  at  a  two- 
fold higher  concentration  in  bone  marrow  cells  of  patients  with  homozygous 

3  -thalassemia  than  in  cells  from  controls.   In  contrast,  the  concentration  of 
6  globin  mRNA  precursor  is  only  10-15%  of  that  of  6  globin  mRNA  precursor  sug- 
gesting that  differing  rates  of  transcription  of  the  6  and  B  globin  genes  is 
responsible  for  the  widely  different  accumulation  of  Hb  A.  (cx„6„)  and  Hb  A 
(a„3„)  in  human  red  cells.   We  have  also  compared  the  relative  concentration 
of  the  y  and  3  globin  mRNA  precursors  in  human  fetal  and  adult  erythroid  cells. 
The  concentrations  of  mature  y  and  3  mRNA  are  roughly  proportional  to  the  con- 
centration of  their  precursors  suggesting  that  modulation  of  the  level  of  ex- 
pression of  these  genes  occurs  at  the  level  of  transcription. 

2.  Analysis  of  3  globin  mRNA  metabolism:   During  a  two  hour  pulse,  we 
have  found  that  the  relative  synthesis  of  3  and  a   mRNA  sequences  is  comparable 
in  bone  marrow  cells  from  patients  with  homozygous  3  -thalassemia  and  from  con- 
trols with  erythroid  hyperplasia.   However,  a  substantially  higher  fraction  of 
radioactive  3  globin  mRNA  sequences  remain  in  the  nucleus  in  the  thalassemic 
erythroid  cells  at  two  hours  than  in  the  control  cells.   Once  the  3  globin  mRNA 
reaches  the  cytoplasm  in  the  3  -thalassemia  cells,  it  appears  to  be  stable. 

3.  Characterization  of  globin  mRNA  precursors:   Normal  human  erythroid 
cells  were  found  to  contain  1800  nucleotide  precursors  for  the  6  and  3  globin 
mRNAs.   An  additional  1300  nucleotide  RNA  species  was  found  in  the  cells  of  a 
Greek  patient  who  was  homozygous  for  3  -thalassemia;  part  but  not  all,  of  the 
RNA  sequences  transcribed  from  the  large  intron  have  been  removed  from  this  RNA 
species.   In  contrast,  the  cells  of  a  black  patient  with  homozygous  3  -thalas- 
semia were  found  to  contain  a  600-700  bp  RNA  species  which  includes  RNA  se- 
quences transcribed  from  the  large  intron  and  also  a  small  amount  of  3  globin 
coding  sequence.   We  hypothesized  that  this  species  represents  a  relatively 
stable  product  of  an  abnormally  processed  precursor  molecule. 

4.  Restriction  endonuclease  mapping:   DNA  from  a  patient  homozygous  for 
pancellular  hereditary  persistence  of  fetal  hemoglobin  (HPFH)  has  been  studied 
to  determine  the  extent  the  deletion  involving  the  6  and  3  globin  genes.   The 
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5'  end  of  this  deletion  begins  at  a  point  3-4  kb  upstream  from  the  6  globin 
gene  as  shown  by  Southern  blot  analysis  using  a  cloned  unique  sequence  probe 
for  this  region  of  the  genome.   Determination  of  the  3'  end  of  the  deletion 
has  been  delayed  because  of  the  moderately  repetitive  DNA  sequences  found  3' 
to  the  3  globin  gene  (see  project  "Characterization  of  DNA  sequences  surround- 
ing the  human  3-like  globin  genes").   Recently,  a  cloned  DNA  fragment  derived 
from  DNA  15  kb  downstream  from  the  6  globin  gene  has  been  shown  to  contain  se- 
quences which  are  unique  in  the  human  genome.   This  fragment  should  be  useful 
as  a  probe  to  define  the  extent  of  deletion  in  our  pancellular  HPFH  patient. 

5.   Molecular  cloning  of  3- thalassemia  globin  genes:   For  unknown  reasons, 
we  have  been  unable  to  obtain  an  intact  3  globin  gene  from  our  libraries  of 
cloned  human  DNA  fragments  constructed  using  DNA  from  thalassemic  individuals. 
These  libraries,  constructed  by  partial  Eco  RI  digestion  of  human  genomic  DNA, 
have  yielded  several  recombinants  containing  human  globin  genes  which  have 
been  useful  in  characterization  of  the  human  3  globin  gene  region  (see  project 
"Characterization  of  the  DNA  sequences  surrounding  the  human  3-like  globin 
genes").   However,  to  increase  the  probability  of  obtaining  an  intact  3  glo- 
bin gene  from  thalassemic  DNA,  we  are  modifying  the  technology  of  cloning  so 
as  to  use  size  selected  Hind  III  fragments  which  must  contain  the  intact  3 
gene.   Screening  will  be  done  with  the  3  globin  gene  large  intron  as  a  probe 
since  its  sequences  are  totally  unique  to  the  3  globin  gene  region. 

Significance  to  Biomedical  Research  and  the  Institute  Program: 

Homozygous  3-thalassemia  is  a  disease  which  causes  severe  morbidity  and 
mortality  to  its  victims.   Thus  an  understanding  of  the  genetic  basis  of  this 
disorder  may  provide  a  basis  for  designing  therapy  which  could  be  of  extra- 
ordinary benefit  to  these  individuals.   Furthermore,  this  disease  is  a  proto- 
type of  a  human  regulatory  genetic  mutation  and  thus  may  provide  insight  into 
the  mechanism  of  gene  regulation  in  human  cells. 

Proposed  Course  of  the  Project: 

Our  immediate  goals  include  definition  of  the  normal  processing  interme- 
diates for  the  human  globin  mRNA  precursors  by  use  of  techniques  which  allow 
definition  of  specific  splice  sites  used  in  the  removal  of  intervening  se- 
quence RNA.   We  hope  to  study  RNA  from  the  cells  of  a  number  of  patients  with 
homozygous  3  -thalassemia  thereby  expanding  our  knowledge  of  the  processing 
defects  occurring  in  this  condition.   These  analysis  may  provide  insight  into 
the  processing  pathway  and  indicate  whether  certain  splicing  sites  are  obliga- 
tory for  production  of  normal  amounts  of  mature  3  globin  mRNA.   We  intend  to 
continue  our  efforts  to  obtain  pure  globin  genes  affected  by  3  -thalassemia 
mutation  by  using  the  molecular  cloning  recombinant  DNA  techniques.   Sequencing 
of  specific  splice  sites  may  allow  definition  of  the  exact  mutations  which  re- 
sult in  abnormal  processing.   Insertion  of  large  introns  from  the  3  globin 
gene  into  SV40  vectors  may  facilitate  definition  of  processing  intermediates 
once  the  cloned  thalassemic  genes  are  obtained. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  these  studies  is  to  establish  the  basic  developmental  and  eel 
lular  events  operating  in  regulating  the  genes  for  fetal  (y)  and  adult  (B  and 
3  )  globin  in  sheep  erythroid  cells.   Induction  of  Hb  C  synthesis  may  be  achieved 
in  vitro  or  in  vivo  by  exposure  of  erythroid  stem  cells  to  high  erythropoietin 
(epo)  concentration.   The  amount  of  Hb  C  synthesis  appears  to  be  related  to  the 
degree  of  differentiation  of  stem  cells  which  give  rise  to  erythroid  colonies  in 
vitro;  the  earliest  stem  cells  give  rise  to  colonies  making  more  Hb  C.   We  have 


now  investigated  the  possibility  of  a  second  level  of  control  by  a  cellular  mech- 
ansim;  namely,  modulation  of  the  amount  of  Hb  C  produced  during  terminal  matura- 
tion of  erythroblasts.   A  young  adult  animal  was  injected  with  epo  and  bone  mar- 
row samples  obtained  at  intervals  thereafter  were  fractionated  into  young,  inter- 
mediate, and  mature  erythroblasts.   There  was  a  small  increase  in  the  proportion 
of  Hb  C  produced  during  maturation  of  the  bone  marrow  erythroblasts  derived  from 
stem  cells  committed  by  exposure  to  epo.   In  other  experiments,  an  assay  was  de- 
vised to  quantitate  hemoglobin  synthesis  in  individual  fetal  erythroid  colonies 
in  vitro.   All  colonies  examined  were  shown  to  be  making  both  Hb  F  and  Hb  C;  a 
^onal  or  stem  cell  selection  mechanism  for  regulation  of  Hb  C  was  excluded. 
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Objectives 

The  primary  objective  of  this  project  is  to  determitie  the  normal  mechanism 
of  regulation  of  expression  of  globin  genes  during  ontogeny  in  sheep.   Specifi- 
cally, we  wish  to  learn  the  relative  importance  of  stem  cell  commitment  with 
respect  to  production  of  hemoglobin  in  progeny  erythroblasts  versus  changes  in 
the  proportion  of  specific  hemoglobins  synthesized  during  erythroid  maturation 
in  determining  the  ultimate  proportions  of  various  hemoglobins  in  red  cells. 

The  globin  genes  of  sheep  serve  as  a  suitable  model  for  investigating  these 
phenomena  since  the  several  individual  globin  genes  are  expressed  only  during 
specific  periods.   Thus  the  y  globin  gene  (Hb  F  =  a2"!i'2)  is  expressed  during 
fetal  life  while  the  allelic  adult  3  globin  genes  (g^  and  g  )  are  expressed  in 
adult  animals  making  the  normal  adult  hemoglobins,  Hb  A  (0262^  and  Hb  B  (a 232)* 

The  3^  globin  gene  (Hb  C  =  a232)  is  expressed  transiently  in  newborn  animals 
and  in  adults  made  anemic.   Induction  of  3*^  globin  synthsis  is  specifically 
stimulated  by  erythropoietin  (epo)  both  in  vivo  and  in  vitro.   This  readily 
manipulable  switch  in  hemoglobin  production,  namely  the  epo  induced  synthesis  of 
the  Hb  C,  has  served  as  a  focus  for  our  studies. 

Methods 

1.  Erythroid  cells  are  collected  from  fetal  liver  or  bone  marrow  of  young 
lambs.  For  specific  studies,  the  young  lambs  may  be  injected  with  epo  and  serial 
samples  of  bone  marrow  obtained.   The  cells  are  fractionated  by  centrifugation 
in  Ficoll-metrizamide  solution.  Further  fractionation  of  cells  to  obtain 
fractions  with  varying  degrees  of  maturation  is  accomplished  by  unit  gravity 
sedimentation  through  a  0.5-2%  bovine  serum  albumin  gradient.   Cells  are  grown 
in  plasma  clot  or  methylcellulose  cultures  with  varying  concentrations  of  epo. 
Individual  colonies  for  analysis  are  plucked  from  methylcellulose  with  a  finely 
drawn  capillary  pipet.   Globin  synthesis  is  measured  by  exposure  of  colonies  to 
[-'H] leucine  in  vitro  followed  by  chromatographic  separation  of  the  globins  on 

an  ion  exchange  column. 

2.  Analysis  of  the  specific  mRNAs  contained  in  individual  erythroid 
colonies  is  by  in-situ  hybridization.   Used  as  probes  are  restriction  endo- 
nuclease  fragments  from  recombinant  plasmids  into  which  had  been  inserted  syn- 
thetic copies  of  either  the  3^,  3^,  or  y  globin  genes.   The  colonies  are 
fixed,  annealed  in-situ  to  the  appropriate  radiolabelled  DNA  fragment,  and  the 
signal  is  detected  by  radioautography. 

Major  Findings 

1.   Characterization  of  erythroid  stem  cells:   Cells  from  livers  of  60-70 
day  fetuses  were  cultured  at  a  high  concentration  of  epo  in  plasma  clots.   The 
appearance  of  erythroid  colonies  was  monitored  by  microscopy  of  plasma  clots 
fixed  and  stained  on  successive  days.  Two  populations  of  colonies  were  detected. 
The  first  matured  after  4-5  days  and  then  disappeared  as  the  second  population 
appeared  at  4  days  and  was  completely  hemoglobinized  by  8  days  ^  vitro. 
Colonies  mature  at  4-5  days  were  small  and  single  while  the  second  set  of 
colonies  consisted  of  macroscopic  clumps  of  2-6  subcolonies.   The  two  types  of 
colonies  are  derived  from  stem  cells  referred  to  as  CFU-E  and  BFU-E ,  respec- 
tively.  BFU-E  are  thought  to  be  earlier  stem  cells  with  respect  to  their  level 
of  differentiation  and  proliferation  potential  than  are  CFU-E.   The  colonies 
derived  from  CFU-E  produced  20-30%  Hb  C  while  colonies  derived  from  BFU-E  pro- 
duced 50-80%  Hb  C.  These  results  indicate  that  the  potential  for  Hb  C  production 
in  erythroblasts  is  related  to  the  level  of  differentiation  of  the  stem  cells 
from  which  these  erythroblasts  are  derived  at  the  time  that  the  inducing  stimu- 
lus, namely  epo,  is  applied. 
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2.  Ratio  of  Hb  A  and  Hb  C  synthesis  during  erythroid  maturation:   A  lamb 
was  injected  with  epo  and  bone  marrow  samples  were  obtained  at  36,  48,  and  60 
hours  thereafter.   These  were  segregated  into  early,  intermediate  and  late 
stage  erythroblasts  by  unit  gravity  sedimentation.   Individual  cell  fractions 
were  exposed  to  [-^H] leucine  for  4  hours.   After  cell  lysis,  the  globins  were 
analyzed  by  ion-exchange  chromatography.   Hb  C  synthesis  was  first  seen  in  the 
early  erythroblast  population  at  36  hours  and  appeared  subsequently  in  the 
intermediate  and  late  erythroblasts  at  48  and  60  hours.   This  progression  re- 
flects the  commitment  event  occurring  in  stem  cells.   Careful  analysis  suggest 
that  pro-erythroblasts  making  20%  Hb  C  at  36  hours  become  intermediate  stage 
erythroblasts  making  approximately  35%  Hb  C  at  48  or  60  hours.  Thus,  there  may 
be  modest  changes  in  the  proportion  of  Hb  C  and  Hb  A  production  during  the 
erythroblast  maturation. 

3.  Hemoglobin  synthesis  in  clonal  erythroid  colonies:   Cells  from  fetal 
liver  were  grown  in  methylcellulose  at  high  concentrations  of  epo.  At  4-6  days 
in  vitro,  individual  colonies  were  characterized  as  to  the  degree  of  maturation 
of  their  erythroblasts  as  early  (pale  white),  intermediate  (pink),  or  late 
(red).   Colonies  of  defined  maturational  stage  were  plucked  from  the  medium 
with  a  finely  drawn  capillary  pipet.   After  washing,  the  colonies  were  exposed 
to  [-^H] leucine  for  4-12  hours  and  the  globin  synthetic  products  analyzed  by 
ion-exchange  chromatography.   The  results  indicate  that  the  capacity  for  Hb  C 
synthesis  is  not  restricted  to  a  single  population  of  erythroid  stem  cells  and, 
therefore,  is  not  clonal,  since  all  colonies  studied  synthesized  both  Hb  F  and 
Hb  C  in  varying  proportions.   The  individual  sub-colonies  of  large  bursts  had 
similar  ratios  of  the  two  hemoglobins.   At  5  days  in  culture,  colonies  of  all 
maturational  stages  appeared  to  be  making  similar  proportions  of  Hb  C  and  Hb  F. 
However,  more  mature  colonies  at  a  later  time  in  culture  made  slightly  more  Hb 
C  than  colonies  from  an  earlier  time  period. 

4.  Detection  of  specific  mRNAs  in  erythroid  colonies  by  in-situ  hybridi- 
zation.  Plasma  clot  cultures  containing  colonies  derived  from  erythroid  stem 
cells  present  in  fetal  liver  were  fixed  and  annealed  to  radioactive  DNA  frag- 
ments containing  sequences  specific  for   ^  or   mRNA.  Preliminary  experiments 
indicate  that  hybridization  does  occur  to  colonies  in-situ  and  that  it  may  be 
specific  for  a  particular  type  of  mRNA.  These  studies  will  continue  using  [3]  C 
probe  and  [^^C]   probe  in  a  combined  hybridization  with  subsequent  analysis 
using  2  Kodak  films,  one  to  trap  the  photons  emitted  from  [-^H]  and  the  other 
superimposed  on  it  to  monitor  the  decay  of  [  ^'^C]  .  In  this  manner,  we  hope  to 
analyze  and  quantitate  the  appearance  of  specific  mRNAs  during  erythroid 
maturation. 

Significance  to  Biomedical  Research  and  the  Program  in  the  Institute 

Several  human  anemias  (e.g.,   -thalassemia  and  sickle  cell  anemia)  are 
characterized  by  normal   globin  synthesis  and  abnormal   globin  synthesis  or 
function.   A  common  feature  of  these  anemias  is  that  synthesis  of  fetal  hemo- 
globins is  normal  during  fetal  life.   Human  hereditary  persistence  of  fetal 
hemoglobin  is  a  mild  anemia  and  requires  minimal  clinical  management.   A 
rational  approach  to  treatment  of  anemia  involving  defects  in   globin  synthe- 
sis is,  therefore,  the  therapeutic  re-utilization  of  the  fetal  gene  in  adult 
life.   Attempts  to  describe  the  basic  cellular  and  hormonal  regulation  of 
erythropoiesis  in  sheep  are  done  with  the  goal  of  realizing  this  possibility. 
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Proposed  Course  of  Experiments 

Our  previous  data  appear  to  suggest  that  the  stem  cells  from  either  fetuses 
or  adult  animals  are  committed  with  regard  to  their  pattern  of  hemoglobin  syn- 
thesis.  The  recent  data  regarding  the  Hb  C  switch  also  support  commitment  at 
the  erythroid  stem  cell  level  as  the  primary  mechanism  by  which  the  hemoglobin 
phenotype  of  the  red  cell  is  determined.  Therefore,  to  look  into  the  mechanisms 
or  regulation  of  hemoglobin  synthesis,  it  will  be  necessary  to  develop  culture 
techniques  suitable  for  propagation  of  stem  cells  from  early  developmental 
stages.   Growth  factors  derived  from  mononuclear  cells,  presumably  T-lympho- 
cytes,  are  necessary  in  other  species  for  development  of  early  stem  cells. 
However,  many  other  interactions  are  obviously  necessary  and  the  techniques 
suitable  for  propagation  of  early  hematopoietic  stem  cells  _in  vitro  in  quanti- 
ties adequate  for  biochemical  analysis  have  not  yet  been  achieved.   With  the 
anticipated  departure  of  Dr.  Barker,  the  principle  investigator,  to  the 
Jackson  Laboratory  at  the  end  of  this  fiscal  year,  a  reassessment  of  our  ap- 
proach to  the  problem  of  hemoglobin  switching  seems  mandatory.  The  most  readily 
achievable  goal  appears  to  be  that  of  characterizing  the  non-  globin  gene 
region  completely  by  use  of  the  molecular  cloning  techniques  as  outlined  in 
project  "Regulation  of  the  sheep  globin  genes."   Identification  of  specific 
proteins  which  interact  to  modulate  globin  gene  expression  in  erythroid  cells 
would  then  ba  a  reasonable  goal  and  may  be  the  most  fruitful  way  to  investigate 
the  hemoglobin  switching  mechanism. 

Publications 

1.  Nienhuis,  A.W. ,  Barker,  J.E.,  Croissant,  R.D.:   Overview:   Mechanism  of 
regulation  of  hemoglobin  synthesis  at  the  cellular  level.   N.Y.  Acad.  Sci. 
244:  189-205,  1980. 

2.  Nienhuis,  A.W.,  Barker,  J.E.,  Croissant,  R.D.,  Coon,  H.,  Kretschmer,  P., 
Young,  N.:   Hemoglobin  switching  in  sheep:   Celular  and  molecular  aspects. 
In  "In  vitro  erythropoiesis :   the  Friend  system."  G.  Rossi,  Ed.,  pp. 
77-85,  1980. 

3.  Barker,  J.E.:   Hemoglobin  switching  in  sheep:   Characteristics  of  BFU-E 
derived  colonies  from  fetal  liver.   Blood,  in  press. 

4.  Barker,  J.E.,  Pierce,  J.E.,  Nienhuis,  A.W. :   Hemoglobin  switching  in 
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and  the  fetal  to  adult  hemoglobin  switch.   Blood,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  define  the  mechanism  of  regulation  of  the 
individual  globin  genes  during  erythroid  differentiation.  A  previously  construc- 
ted  library  of  sheep  genomic  DNA  fragments,  cloned  into  E^.  coli  using  the  bacterio- 
phage vector  -  Charon  4A,  was  screened  with  probes  specific  for  the  g-like  globin 
l^^^s   of  sheep.   Four  overlapping  clones,  the  inserted  fragments  of  which  include 
28  kb  of  sheep  genomic  DNA,  were  all  found  to  contain  a  sheep  y  globin  gene  identi- 
fied by  DNA  sequencing  of  the  coding  blocks.   The  y  gene  was  compared  to  the  pre- 
viously isolated  gene  for  3^  globin.  Each  gene  contained  two  introns,  one  of  110 
bp  and  the  second  of  approximately  800  bp.   Analysis  by  electron  microscopy  of 
leteroduplexes  formed  between  recombinants  containing  either  the  y  or  6^  globin 
jene  demonstrated  that  these  genes  are  included  in  a  8  kb  region  of  general  se- 
quence homology.   Both  the  y  and  6^  genes  were  found  to  include  moderately  re- 
Detitive  DNA  sequences  within  their  large  introns.   Several  recombinants   were 
Identified  which  contain  globin  genes  which  on  restriction  endonuclease  or  DNA  se- 
quence analysis  were  identified  as  either  encoding  for  embryonic  3-like  globins  or 
ilternatively,  these  may  represent  pseudogenes,  the  function  of  which  remains  un- 
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Objective 

The  objective  of  this  project  is  to  determine  the  normal  mechanisms  regu- 
lating the  expression  of  globin  genes  in  erythroid  cells.   There  are  several 
different  levels  at  which  regulation  might  occur,  e.g.,  gene  transcription, 
nuclear  RNA  processing,  globin  messenger  RNA  translation,  or  alteration  of 
globin  raRNA  stability.   The  globin  genes  of  sheep  serve  as  a  suitable  model 
for  investigating  these  phenomena  since  the  several  individual  globin  genes 
are  expressed  only  under  specific  conditions.   Thus,  the  gamma  globin  gene  (Hb 
F  -  a2y2)  is  expressed  during  fetal  life,  while  the  allelic  adult  beta  globin 
genes  (g^  and  B^)  are  expressed  in  adult  animals  making  the  normal  adult  hemo- 
globins, Hb  A  (0232^)  and  Hb  B  (0232^).   The  3*^  globin  gene  (Hb  C)  is  ex- 
pressed transiently  in  newborn  animals  and  in  adults  made  anemic.   Induction 
of  3*-"  globin  synthesis  is  specifically  stimulated  by  erythropoietin  both  in 
vivo  and  In  vitro. 

Techniques  are  now  available  which  make  it  possible  to  completely  define 
gene  structure  and  to  determine  the  homologous  regions  surrounding  the  various 
globin  genes.   This  experimentation  involves  the  use  of  recombinant  DNA 
technology  and  characterization  of  the  isolated  recombinants  by  restriction 
endonuclease  mapping,  nucleotide  sequencing,  and  heteroduplex  mapping  by 
electron  microscopy.   Our  current  goal  is  to  define  completely  the  beta  globin 
region  in  sheep  at  the  DNA  sequence  level. 

Methods 

1.  Identification  of  bacteriophage  recombinants  containing  globin  genes 
and  or  surrounding  sequences:  A  previously  constructed  library  of  sheep  genomic 
DNA  fragments  of  14-20  kb  in  length,  was  screened  with  probes  specific  for 
either  globin  gene  sequences  of  DNA  sequences  at  the  extreme  end  of  previously 
characterized  recombinants  containing  identified  globin  genes.   The  probes  are 
purified  by  gel  electrophoresis  and  rendered  radioactive  by  nick-translation 

in  the  presence  of  [ -^^p] nucleotide  triphosphates.   Screening  is  by  plaque 
hybridization.   Positive  plaques  on  the  primary  screen  are  picked,  and  replated 
at  a  low  density  in  a  secondary  screen,  the  goal  of  which  is  to  obtain  the  de- 
sired recombinant  in  pure  form.   Preliminary  characterization  of  the  recom- 
binant clones  is  by  restriction  endonuclease  digestion,  agarose  gel  electro- 
phoresis, and  identification  of  specific  sequences  by  Southern  blot  analysis 
with  probes  specific  for  globin  gene  sequences  or  DNA  sequences  flanking  glo- 
bin genes  in  previously  characterized  recombinants.   In  this  manner,  a  re- 
striction endonuclease  map  of  the  clone  can  be  deduced. 

2.  DNA  sequence  analysis:   This  high  resolution  but  somewhat  laborous 
technique  can  be  applied  to  specific  fragments  of  interest;  most  commonly  these 
are  restriction  endonuclease  fragments  which  contain  globin  gene  sequences. 

The  goal  of  this  type  of  analysis  is  to  identify  the  globin  gene  represented 
in  a  particular  recombinant.   After  a  restriction  endonuclease  map  of  an  indi- 
vidual recombinant  is  obtained,  specific  DNA  fragments  are  isolated.  Individual 
fragments  are  labelled  on  the  ends  by  the  polynucleotide  kinase  (5')  or  DNA 
polymerase  I  (3')  reaction.  The  labelled  fragment  is  cut  with  another  restric- 
tion endonuclease  and  the  two  [^^p]  ends  are  separated  by  polyacrylamide  gel 
electrophoresis.  The  DNA  nucleotide  sequence  can  then  be  obtained  by  partial 
chemical  degradation  of  the  individual  end-labelled  fragments  followed  by  poly- 
acrylamide gel  electrophoresis  and  radioautography. 
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3.  Analysis  of  regions  surrounding  globin  gene  sequences:  To  compare  the 
sequence  homology  surrounding  two  individual  globin  genes,  DNA  derived  from 
recombinants  containing  these  globin  genes  can  be  annealed  and  the  resulting 
heteroduplexes  examined  by  electron  microscopy.   Homologous  regions  form  du- 
plexes whereas  the  non-homologous  regions  remain  single  stranded;  these  can  be 
distinguished  in  the  resulting  electron  micrographs. 

4,  Determination  of  repetitive  frequency  of  DNA  sequences  contained  with- 
in specific  recombinants:   Moderately  repetitive  DNA  sequences  interspersed 
among  structural  gene  can  be  demonstrated  by  one  of  two  techniques.   Total 
genomic  DNA  from  sheep  is  rendered  radioactive  by  a  nick-translation  reaction 
and  annealed  to  DNA  fragments  obtained  by  restriction  endonuclease  digestion 

of  DNA  from  individual  clones  followed  by  agarose  gel  electrophoresis.   The 
intensity  of  hybridization  in  a  Southern  blot  analysis,  to  specific  fragments 
is  a  measure  of  the  repetitive  frequency  of  sequences  within  that  fragment. 
Alternatively,  the  clone  may  be  rendered  radioactive,  digested  with  specific 
restriction  endonucleases,  the  fragments  resolved  by  gel  electrophoresis,  and 
the  gel  blotted  against  total  genomic  DNA  immobilized  on  a  filter.   Again  the 
intensity  of  the  radioautographic  signal  from  specific  bands  is  a  measure  of 
the  repetitive  frequency  of  that  DNA  sequence. 

Major  Findings 

1.  Characterization  of  the  "Y  globin  gene  of  sheep:   Four  overlapping  re- 
combinants, the  entire  length  of  the  inserted  DNA  fragments  of  which  is  28  kb, 
were  found  to  contain  all  or  a  part  of  a  y  globin  gene.   No  other  globin  gene 
was  found  within  this  28  kb  of  DNA,  only  1700  bp  of  which  is  occupied  by  the  y 
globin  gene.  The  DNA  sequence  obtained  demonstrated  that  this  gene  encodes  for 
the  previously  sequenced  y  globin  of  sheep.   The  y  globin  gene  was  found  to 
contain  two  introns,  one  at  a  position  corresponding  to  amino  acid  29-30  of 
110  bp  in  length  and  the  second,  of  length  approximately  800  bp  occurred  at  a 
position  corresponding  to  amino  acids  103-104. 

2.  Further  characterization  of  the  recombinant  containing  a  sheep  3^ 
globin  gene:  DNA  sequence  analysis  of  the  gene  contained  in  ASg^G21  definite 
identified  it  as  encoding  for  3^  globin.   Introns  analogous  to  those  found 
in  the  y  globin  gene  were  also  present  in  this  gene. 

3.  Comparison  of  the  sheep  y  and  3^  globin  genes:   DNA  sequence  analy- 
sis of  the  200  bp  immediately  upstream  (5')  to  the  y  and  Q^   globin  genes 
identified  a  capping  box  of  homology,  the  Hogness-Goldberg  box  thought  to  be 
important  for  RNA  polymerase  binding,  and  a  further  box  of  sequence  homology 
previously  identified  upstream  from  3-like  globin  genes  of  other  species.   In 
this  respect  the  y  and  3^  genes  appear  to  have  the  functional  signals  neces- 
sary for  initiation  of  transcription.  Remarkable  sequence  homology  was  defined 
in  this  flanking  region  making  it  probable  but  not  certain  that  the  regulatory 
signals  responsible  for  the  selective  expression  of  these  genes  are  found  out- 
side of  the  immediate  5'  flanking  region.   Electron  microscopic  analysis  of 
heteroduplexes  formed  between  recombinants  containing  either  the  3   or  y  glo- 
bin gene  demonstrated  an  extensive  region  of  homology  encompassing  8  kb  of  DNA 
which  included  the  two  globin  genes.   This  region  of  homology  extended  4  kb 
into  the  5'  flanking  region  and  1.5  kb  into  the  3'  flanking  region.   The  homo- 
logy was  nearly  perfect,  although  localized  regions  of  non-homology  were  identi- 
fied; two  in  the  5'  flanking  region  and  one  in  the  3'  flanking  region.   These 
areas  of  non-homology  might  conceivably  be  important  in  regulation  of  the 
selective  expression  of  these  genes. 
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4.  Repetitive  DNA  sequences  in  and  flanking  the  sheep  globin  genes:  The 
large  introns  of  the  y  and  3^  globin  genes  were  found  to  include  DNA  sequences 
which  were  moderately  repetitive  in  the  sheep  genome.   Nearly  8,000  copies  of 
a  sequence  in  the  y  large  intron  and  approximately  300  copies  of  a  sequence 
found  in  the  3^  large  intron  are  present.   Furthermore,  several  inverted  re- 
petitive sequences  were  defined  in  the  3'  flanking  region  of  the  3^  globin 
gene  by  electron  microscopy. 

5.  Characterization  of  recombinants  containing  unidentified  globin  genes: 
Five  recombinant  bacteriophage  have  been  identified  which  contain  globin  genes, 
the  restriction  endonuclease  map  or  limited  DNA  sequence  analysis  of  which 
demonstrates  that  these  contain  globin  genes  other  than  those  for  the  y,  3^,  or 
3'-'  globins  of  sheep.  These  genes  may  either  encode  for  embryonic  3-like  glo- 
bins  or  alternatively  these  may  be  pseudogenes  which  do  not  encode  for  a  glo- 
bin. Such  pseudogenes  have  been  identified  in  the  mouse  and  human  globin  gene 
region  of  other  species.   The  function  of  such  pseudogenes  remains  undefined. 

Proposed  Course  of  Project 

Screening  of  sheep  genomic  DNA  fragment  libraries  will  be  continued  in 
order  to  obtain  clones  containing  the  3'-'  gene  and  also  in  an  effort  to  obtain 
clones  which  link  up  previously  identified  genes  thereby  allowing  construction 
of  a  map  of  the  entire  globin  gene  region.   The  y  and  3  globin  genes  will 
be  sequenced  in  their  entirety  and  thus  the  nature  of  the  moderately  repetitive 
DNA  sequences  found  within  the  large  introns  of  these  genes  will  be  defined. 
Heteroduplexes  analysis  will  be  pursued  in  an  effort  to  obtain  clues  regarding 
non-homologous  regions  which  may  have  regulatory  function.   Comparison  of  re- 
combinant bacteriophage  containing  the  sheep  globin  genes  and  those  containing 
the  goat  globin  genes  will  be  done  at  the  level  of  electron  microscopy  in  a 
collaborative  project  with  Dr.  Jerry  Lingrel  and  colleagues  from  the  University 
of  Cincinnati.   By  such  an  analysis,  it  will  be  possible  to  compare  the  rates 
of  evolution  of  the  individual  globin  genes,  obtain  further  clues  about  regions 
of  potential  regulatory  function,  and  obtain  data  useful  in  achieving  the  goal 
of  defining  a  complete  map  of  the  genomic  region  containing  the  sheep  3-like 
globin  genes. 

An  immediate  goal  is  to  identify  repetitive  and  expressed  sequences  with- 
in the  globin  gene  region.   Repetitive  elements  may  have  potential  regulatory 
significance  or  alternatively  serve  as  sites;  for  initiation  of  DNA  replication. 
Detection  of  other  genes  within  the  globin  gene  region  would  be  followed  by  an 
attempt  to  identify  the  gene  products  and  determine  whether  these  genes  are 
coordinately  regulated  in  a  way  analogous  to  the  globin  genes  during  erythroid 
differentiation. 

The  genes  and  their  flanking  regions  themselves  will  be  utilized  to  pre- 
pare affinity  columns  suitable  for  purifying  specific  nuclear  proteins  which 
may  serve  as  transcriptional  regulatory  factors.   An  effort  will  be  made  to 
devise  a  reconstituted  system  using  the  cloned  globin  genes  from  genomic  DNA, 
histones,  and  specific  nuclear  protein  molecules  to  produce  a  transcriptionally 
active  chromatin  complex. 

Publications 

1.  Benz,  E.G.,  Jr.,  Kretschmer,  P.J.,  Geist,  C.E.,  Kantor,  J. A.,  Turner,  P.H.  , 
Nienhuis,  A.W.:   Hemoglobin  switching  in  sheep:  Synthesis,  cloning,  and 
characterization  of  DNA  sequences  coding  for  the  3^,  3  >  and  y  globin 
mRNAs. 

2.  Kretschmer,  P.J.,  Coon,  H. ,  Kaufman,  R.E.,  Chen,  H. ,  Geist,  C.E., 
Nienhuis,  A.W.:   Hemoglobin  switching  in  sheep:   Molecular  cloning  and 
characterization  of  the  sheep  3^  and  3-like  embryonic  globin  genes.   J, 
Biol.  Chem.  255:3204-3211,  1980. 
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ihese  studies  are  designed  to  evaluate  the 


gned  to  evaluate  tne  clinical  benefits  achieved  by 
iron  chelation  in  patients  with  chronic  iron  overload.    Desferrioxamine  is 


administered  by  subcutaneous  Infusion  and  iron  removed  is  determined  by  quanti- 
tation of  urinary  iron  excretion  and  careful  recording  of  the  total  iron  admin- 
istered by  transfusion.   Those  patients  who  have  no  evidence  of  cardiac  disease 
are  randomized  to  receive  either  ascorbic   acid  (3  mg/kg)  or  placebo.   Sixty-one 
patients  are  now  included  in  our  long-term  chelation  trial  and,  of  these,  forty- 
nine  have  been  randomized  to  the  ascorbic  acid  trial.   Cardiac  function  is  assess 
ed  by  24-hour  recordings  of  the  cardiac  rhythm,  echocardiography,  and  radionuclids 
cineangiography .   Radionuclide  cineangiography  provides  a  very  sensitive  index 


of  cardiac  function  in  that  the  majority  of  patients  who  have  received  over  100 
units  of  blood  failed  to  increase  their  ejection  fraction  during  exercise  in  the 
normal  fashion.  Follow-up  radionuclide  cineangiograms  have  been  obtained  in  19 
patients  restudied  at  intervals  averaging  17  months.   Most  patients  who  had  re- 
ceived more  than  200  units  of  blood  prior  to  the  first  study  exhibited  cardiac 
deterioration  over  the  interval  between  the  two  studies  while  those  who  had 
received  fewer  than  200  units  exhibited  stable  cardiac  function. 
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Objectives; 

The  objectives  of  these  studies  are  to  evaluate  available  iron  chelators 
to  maximize  their  effectiveness,  and  to  test  new  chelators  as  they  become 
available.   An  effort  is  being  made  to  develop  clinical  criteria  which  will 
be  helpful  to  determine  the  efficacy  of  chronic  chelation  therapy.   A  random- 
ized trial  of  supplemental  ascorbic  acid  has  been  initiated  to  assess  the 
value  and/or  toxicity  of  this  agent  in  promoting  mobilization  of  iron  by  des- 
ferrioxamine  in  patients  with  iron  overload. 

Methods: 

Patient  populations  which  participate  in  these  studies  include:   1)  pa- 
tients with  transfusion  dependent  congenital  or  acquired  anemia  who  require 
regular  blood  transfusions  to  sustain  life,  and  2)  patients  with  idiopathic 
hemochromatosis  at  various  stages  in  the  process  of  iron  removal  by  phlebotomy. 

Clinical  evaluation  of  organ  function  include  the  following: 

1)  Heart:   Estimate  of  cardiac  size  by  chest  x-ray  and  electrocardio- 
graphic analysis  is  obtained.   Echocardiographic  studies  are  obtained  to  de- 
termine anatomical  dimensions  of  the  left  ventricle  and  left  ventricular  func- 
tion as  assessed  by  resting  ejection  fraction.   In  addition,  the  configuration 
of  the  left  ventricle  and  resting  ejection  fraction  is  determined  by  radionu- 
clide cineangiography.   Supine  exercise  is  performed  to  70%  of  maximal  pre- 
dicted heart  rate  and  the  ejection  fraction  is  again  determined  by  radionu- 
clide cineangiography.   By  these  methods  a  detailed  analysis  of  cardiac  struc- 
ture and  function  is  achieved. 

2)  Endocrine  evaluation  includes  specific  testing  of  the  pituitary,  thy- 
roid, adrenal,  pancreatic  islets,  and  gonad  function  by  baseline  measurements 
and  various  provocative  tests. 

3)  Liver  function  is  determined  by  standard  clinical  testing.   In  addi- 
tion, liver  biopsies  are  performed  to  assess  histology  and  to  quantitate  liver 
iron  concentration. 

4)  Serial  serum  ferritin  measurements  are  obtained  to  assess  the  utility 
of  this  parameter  in  estimating  total  body  iron  stores  and  also  to  follow  the 
course  of  iron  removal. 

Major  Findings: 

1.   At  the  present  time,  61  patients  with  homozygous  Beta-Thalassemia  are 
participating  in  our  long-term  chelation  trial.   Of  these,  49  have  been  ran- 
domized to  the  ascorbic  acid  trial.   Most  of  the  others  have  been  excluded  be- 
cause of  cardiac  disease,  although  two  patients  refused  this  phase  of  the 
study.   In  addition,  13  adults  are  being  followed  on  chelation  therapy.   These 
patients  have  acquired  transfusion  dependent  anemia  of  various  etiologies. 
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2.   Follow-up  cardiac  evaluations  have  been  obtained  in  19  patients  in- 
cluded in  the  initial  series  evaluated  by  radionuclide  cineangiography.   The 
average  interval  between  studies  was  17  months.   Eight  of  11  patients  who  had 
received  more  than  200  units  of  blood  prior  to  the  first  study,  exhibited  a 
significant  reduction  (greater  than  5%)  in  resting  and/or  exercise  ejection 
fraction  on  the  second  study  while  only  1  of  8  who  had  received  fewer  than 
200  units  of  blood  prior  to  the  first  study  exhibited  a  significant  change. 
An  excellent  correlation  was  observed  between  the  change  in  resting  ejection 
fraction  determined  by  radionuclide  cineangiography  and  that  obtained  by  echo- 
cardiography. 

Significance  to  Biomedical  Research  and  to  Institute  Program: 

Hemosiderosis  is  a  major  cause  of  morbidity  and  mortality  in  patients 
requiring  prolonged  transfusion  therapy.   The  role  of  iron  chelators  in  im- 
proving the  clinical  course  of  these  patients  must  be  ascertained. 

Proposed  Course  of  the  Project; 

This  project  will  be  continued  until  a  suitable  iron  chelator  is  found 
and  evaluated  or  until  the  need  for  transfusion  therapy  in  thalassemia  and 
other  congenital  hemolytic  anemias  is  removed.   The  majority  of  our  series  of 
thalassemic  patients  on  the  chelation  trial  have  had  two  or  more  annual  eval- 
uations.  Within  the  next  several  months  we  anticipate  analysing  the  follow-up 
studies  and  comparing  the  results  to  baseline  data  with  particular  attention 
to  cardiac  function.   From  this  analysis  we  hope  to  learn  whether  there  is 
any  difference  in  the  clinical  course  of  the  patients  on  ascorbic  acid  com- 
pared to  those  on  placebo  and  therefore  to  determine  whether  this  phase  of 
the  trial  need  be  continued. 

Publications: 

1.  Nienhuis,  A.W. ,  Griffith,  P.,  Henry,  W. ,  Borer,  J.,  Leon,  M. ,  Strawczynski, 
H. ,  and  Anderson,  W.F.:   Evaluation  of  cardiac  function  in  patients  with 
thalassemia  major.   Annals  N.Y.  Acad.  Sci.  344:384-396,  1980. 

2.  Nienhuis,  A.W. ,  Benz,  E.J.,  Jr.,  Propper,  R. ,  Corash,  L. ,  Anderson,  W.F., 
Henry,  W. ,  and  Borer,  J. :   Thalassemia  major:   molecular  and  clinical 
aspects.   Ann.  Int.  Med.  91:833-897,  1979. 

3.  Nienhuis,  A.W. ,  and  Propper,  R.D. :   The  thalassemias:   disorders  of  hemo- 
globin synthesis.   In  Hematology  of  Infancy  and  Childhood.   (D.G.  Nathan 
and  F.  Oski,  eds)  New  York,  Saunders,  In  press,  1980. 

4.  Leon,  M. ,  Borer,  J.,  Bacharach,  S.,  Green,  M. ,  Benz,  E. ,  Jr.,  Griffith, 
P.,  and  Nienhuis,  A.:   Detection  of  early  cardiac  dysfunction  in  patients 
with  severe  Beta-Thalassemia  and  chronic  iron  overload.   New  Eng.  J.  of 
Med.  301:1143-1148,  1979. 
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The  goal  of  this  work  is  to  determine  the  structural  organization  of  the  in- 
dividual globin  genes  in  chromatin.   Pancreatic  DNAse  I  and  spleen  DNAse  II  are 
used  as  probes  of  the  structure  of  the  globin  genes  and  flanking  DNA  sequences  in 
nuclear  chromatin.   Ultimately  we  wish  to  obtain  a  fraction  of  chromatin  enriched 
in  transcribed  sequences.   Current  work  focuses  on  the  mouse  erythroleukemla  (MEL) 
cell  model.  Earlier  studies  had  shown  that  the  globin  genes  in  nuclei  from  induced 
and  uninduced  MEL  cells  were  equally  sensitive  to  fairly  extensive  digestion  with 
DNAse  I.   Our  current  efforts  are  focused  on  attempting  to  define  more  subtle  dif- 
ferences in  chromatin  structure  using  limited  DNAse  I  digestion.  If  these  techni- 
ques are  successful,  similar  analysis  of  the  individual  globin  genes  in  nuclei 
from  sheep  and  human  erythroid  cells  will  be  performed  to  define  changes  in  chro- 
matin structural  domains  during  development  as  the  individual  genes  are  selectively 
expressed.   Fusion  of  mouse  erythroleukemla  cells  to  human  fibroblasts  results  in 
stable  hybrid  cells  which  include  chromosome  11.   Induction  of  cells  leads  to  pro- 
duction of  mouse  and  human  B  mRNA  but  the  human  J   gene  is  not  activated.  By  probing 

the  chromatin  structure  in  the  nuclei  of  such  hybrid  cells  with  DNAse  I  we  have 
shown  that  the  g  but  not  the  Y  gene  is  in  an  active  conformation.  ^.^^ 
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Objectives : 

Only  a  restricted  portion  of  the  total  DNA  sequences  in  individual  cells 
are  expressed.  Primary  regulation  of  these  sequences  is  imposed  by  their  indi- 
vidual structure  in  chromatin.  Chromatin  is  composed  of  histones  arranged  in 
"nu  bodies"  which  take  the  form  of  beads  strung  on  the  DNA  double  helix.   Non- 
histone proteins  are  also  found  in  chromatin  and  may  be  concentrated  in  the 
transcriptionally  active  fraction  although  they  are  also  associated  with  "nu 
bodies".   The  structural  arrangement  of  DNA  sequences  in  chromatin  results  in 
only  6-10%  of  individual  genes  being  available  for  transcription  in  specific 
differentiated  cells.   The  goal  of  this  project  is  to  determine  the  structural 
differences  of  the  individual  globin  genes  in  chromatin.   Furthermore,  we  hope 
to  learn  the  structural  basis  for  inclusion  of  particular  genes  into  the  ac- 
tively transcribed  fraction  of  nuclear  chromatin.   Identification  of  specific 
proteins  may  lead  us  to  the  putative  transcriptional  regulatory  factors  which 
may  determine  the  structure  of  the  gene  in  chromatin  or  modulate  its  tran- 
scriptional rate. 

Analysis  of  the  residual  DNA  remaining  after  nuclei  from  induced  and  un- 
induced  MEL  cells  had  been  exposed  to  extensive  digestion  with  DNAse  I,  by 
probing  with  globin  cDNA  in  a  solution  hybridization  reaction,  had  lead  to  the 
conclusion  that  the  DNAse  I  sensitivity  of  the  coding  regions  of  the  a  and  3  glo- 
bin genes  was  not  affected  by  induction.   There  are  several  logical  extensions 
of  these  results  which  we  are  now  pursuing.   First,  very  limited  digestion  of 
nuclei  followed  by  restriction  endonuclease  digestion  of  purified  DNA  allows 
the  preservation  or  disappearance  of  specific  restriction  fragments  on  a 
Southern  blot  analysis  to  be  used  as  an  index  of  DNAse  I  action.   Such  studies 
are  likely  to  be  more  sensitive  than  the  previous  method  of  analysis  in  de- 
tecting subtle  differences  in  chromatin  structure  during  induced  maturation  of 
tlEL  cells.   Second,  by  use  of  specific  probes  for  the  coding  and  immediately 
flanking  regions  of  the  globin  genes,  obtained  from  cloned  genomic  fragments, 
changes  in  DNAse  I  sensitivity  due  to  protein  binding  at  possible  regulatory 
sites  may  be  detected.  Third,  by  use  of  probes  obtained  from  areas  of  the 
chromosome  varying  distances  from  the  genes,  the  size  of  the  globin  chromatin 
domain  may  be  defined. 

Another  approach  to  the  study  of  the  conformation  of  the  globin  genes  in 
nuclei  is  to  isolate  the  transcriptionally  active  chromatin  from  a  cell  pro- 
ducing globin  and  to  study  its  properties.   A  method  for  excising  active  genes 
involves  mild  digestion  of  chromatin  with  spleen  DNAse  II  which  results  in  dif- 
ferential solubilization  of  a  fraction  of  chromatin  enriched  in  sequences  which 
are  actively  being  transcribed.   This  method  has  been  used  successfully  to  ob- 
tain a  fraction  of  chromatin  from  chicken  erythrocyte  and  mouse  erythroleukemia 
cell  nuclei  which  is  enriched  in  globin  genes.   Our  goal  is  to  apply  this 
methodology  to  sheep  and  human  erythroid  cells.  We  hope  to  learn  whether  the  g 
and  y  genes  are  solubilized  simultaneously  or  whether  they  are  selectively 
released  depending  on  the  level  of  expression  of  these  genes  in  erythroid  cells 
from  different  developmental  stages.   Furthermore,  an  ultimate  goal  is  to 
identify  specific  non-histone  proteins  associated  with  the  transcriptionally 
active  fraction  of  chromatin. 
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Methods 

1.  Preparation  of  nuclei:   Currently  most  studies  are  done  with  lEL  cells. 
These  are  grown  in  tissue  culture  flasks  under  standard  techniques.   For  a 
single  experiment  in  which  approximately  2  x  10^  cells  are  required,  multiple 
flasks  are  grown  until  the  cells  reach  early  log  phase.   The  cells  in  one  half 
of  the  flasks  are  induced  by  addition  of  Dimethylsulfoxide  (Me2S0)  while  the 
remaining  cells  serve  as  uninduced  controls.  Over  90%  of  the  cells  are  induced 
to  become  benzedine  positive.   Nuclei  are  prepared  by  standard  techniques  ex- 
cept that  the  buffers  contain  2  mil  calcium  and  5  mil  butyric  acid.   Purified 
nuclei  are  resuspended  in  buffer  containing  20%  glycerol,  electronically 
counted,  and  then  divided  into  aliquots  of  5  x  10^  nuclei  and  frozen  in  liquid 
nitrogen.   Nuclei  have  been  used  up  to  4  months  after  preparation.  Similar 
techniques  will  be  used  to  prepare  nuclei  from  sheep  and  human  erythroid  cells 
for  analogous  experiments. 

2.  Probe  preparation:  Because  the  major  focus  of  the  recent  experimental 
work  has  been  the  analysis  of  the  g^^^J  gene  in  mouse,  details  of  the  prepa- 
ration of  appropriate  probes  for  this  region  will  be  described.   A  7  kilobase 
(kb)  fragment  containing  the  entire  3  gene  has  been  subcloned  using  a  bacterial 
plasmid.   The  DNA  fragment  extends  approximately  1000  base  pairs  (bp)  on  the 

5'  side  of  the  coding  portion  of  the  globin  gene.  When  the  plasmid  is  digested 
with  a  combination  of  Eco  RI,  Hind  III,  and  Bam  HI,  two  useful  fragments  are 
released.   The  first,  a  1000  bp  non-coding  5'  fragment  stops  70  bp  before  the 
point  at  which  initiation  of  RNA  transcription  is  thought  to  occur.  The  second 
fragment  is  800  bp  and  includes  two  of  the  three  regions  of  DNA  which  encode 
for  the  final  B  globin  mRNA.   These  fragments  are  resolved  by  agarose  gel 
electrophoresis,  recovered  from  the  gel  following  digestion  with  sodium  iodide 
by  absorption  onto  a  glass  fiber  filter,  and  rendered  radioactive  by  a  nick- 
translation  reaction. 

3.  DNAse  I  digestion  of  nuclei  and  analysis  of  residual  DNA:   Nuclei  ex- 
posed to  DNAse  1  at  various  concentrations  contain  a  graded  series  of  di- 
gestions all  of  which  release  less  than  2%  of  the  total  nuclear  DNA.   DNA  re- 
maining following  digestion,  as  well  as  DNA  from  control  nuclei,  is  purified 
by  removal  of  proteins  and  RNA.   The  DNA  is  then  digested  with  various  re- 
striction endonucleases.   Specifically,  a  series  of  experiments  have  been  per- 
formed in  which  triple  digestion  with  Eco  RI ,  Bam  HI,  and  Hind  III,  is  per- 
formed.  Restricted  DNA  samples  are  electrophoretically  resolved  in  1%  agarose 
gels  and  then  the  DNA  is  transferred  to  nitrocellulose  filters  by  the  standard 
Southern  blotting  technique.   The  filters  are  incubated  in  the  presence  of 
specific  radioactive  probes,  and  after  washing,  radioautography  is  performed 
to  localize  those  specific  fragments  containing  sequences  homologous  to  the 
individual  probes . 

4.  Recovery  of  a  transcriptionally  active  chromatin  complex:   Nuclei  are 
prepared  by  standard  techniques.   DNA  is  prepared  and  the  histones  extracted 
by  standard  methods.   Electrophoresis  of  these  samples  allows  determination  as 
to  whether  protein  or  DNA  has  been  degraded  during  the  preparation  of  nuclei. 
For  release  of  transcriptionally  active  chromatin,  limited  digestion  with 
DNAse  II  is  performed  and  the  inactive  chromatin  fractions  are  selectively 
precipitated. 
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Results 


1.  DNAse  I  sensitivity  of  coding  and  5'  flanking  sequences  of  the  g^^^J 
gene  in  MEL  cell  nuclei:  The  sensitivity  of  a  specific  DNA  region  is  estimated 
by  measuring  the  level  of  DNAse  I  digestion  at  which  individual  restriction 
endonuclease  generated  DNA  fragments  are  no  longer  detected  by  Southern  blot- 
ting.  This  strategy  relies  on  comparing  "depletion  points."   Although  DNAse  I 
cuts  only  one  strand  of  double  stranded  DNA,  as  the  enzyme  concentration  is 
increased,  progressively  more  single-strand  nicks  are  introduced.  At  some  point, 
nicks  are  introduced  at  close  enough  proximity  in  the  two  DNA  strands  so  that 

at  the  low  salt  conditions  of  isolation  and  electrophoresis,  the  double-stranded 
segment  of  DNA  between  the  adjacent  nicks  is  no  longer  stable.  Although  at  low 
DNAse  I  concentrations,  the  partially  nicked  DNA  remains  intact  and  after  re- 
striction endonuclease  digestion  appears  as  a  discrete  band  after  blotting  and 
hybridization,  at  higher  DNAse  I  concentrations  disruption  of  individual  mole- 
cules of  the  fragment  ultimately  causes  the  band  to  disappear.   A  direct  com- 
parison between  the  coding  and  5'  flanking  fragments  may  be  made  since  a  probe 
may  be  used  in  the  hybridization  reaction  which  anneals  to  both  fragments. 

To  date,  two  sets  of  observations  have  been  obtained.  First,  the  5'  flank- 
ing and  coding  fragments  depleted  at  approximately  the  same  DNAse  I  concentra- 
tion in  digestions  of  nuclei  from  induced  and  uninduced  cells.   Second,  deple- 
tion of  both  fragments  occurs  at  a  much  lower  enzyme  concentration  in  di- 
gestions of  nuclei  from  induced  cells  compared  to  those  from  uninduced  cells. 
Thus,  while  there  appears  to  be  no  change  in  the  relative  sensitivity  of  the 
two  fragments  during  induction  compared  to  one  another,  there  is  a  marked 
general  increase  in  sensitivity  of  that  portion  of  the  globin  gene  domain 
examined  by  this  experiment,  upon  induction  of  IlEL  cells. 

2.  DNAse  II  digestions  of  sheep  fetal  liver  nuclei:   Attempts  to  obtain 
transcriptionally  active  chromatin  from  fetal  liver  nuclei  have  not  succeeded. 
Extensive  efforts  to  find  conditions  whereby  the  nuclei  may  be  isolated  with- 
out significant  degradation  of  DNA  or  histones  have,  to  date,  been  unsuccess- 
ful.  Further  experiments  will  be  attempted  with  nuclei  from  tlEL  cells. 

3.  Analysis  of  hybrid  cells:   Nuclei  from  IlEL  cell-human  fibroblast  hy- 
brid cells  which  contain  human  chromosome  11,  where  exposed  to  DNAse  I  and  the 
residual  DNA  was  recovered.   The  human  3  but  not  the  human  Y  sequences  were 
destroyed  indicating  that  the  selective  expression  of  these  genes  apparently 
is  based  on  their  structure  in  chromatin. 

Significance  to  Biomedical  Research  and  Program  in  the  Institute 

The  mechanisms  by  which  eukaryotic  cells  differentially  expressed  specific 
genes  have  not  yet  been  defined.  Any  information  which  clarifies  how  chromatin 
structure  relates  to  gene  activity  is  important  to  elucidate  such  mechanisms. 
The  long  term  goal  is  to  provide  insights  which  may  lead  to  a  scheme  whereby 
induction  of  fetal  hemoglobin  synthesis  may  be  accomplished  in  diseased  indi- 
viduals with  deficient  or  abnormal  hemoglobin  synthesis. 

Proposed  Course  of  the  Project 

To  date,  considerable  difficulty  has  been  experienced  in  reproducing  ac- 
curately the  DNAse  I  digestions.   Furthermore,  exact  interpretation  of  the 
significance  of  the  "depletion  point"  in  terms  of  relative  sensitivity  of  two 
DNA  regions  is  difficult.   These  difficulties  have  prompted  us  to  consider  al- 
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ternatlve  strategies  directed  towards  defining  the  transcriptionally  active 
chromatin  within  the  erythroid  cell  nuclei.  A  recently  described  assay  whereby 
quantitation  of  polymerase  molecules  on  specific  DNA  fragments  may  be  accom- 
plished will  be  adapted  in  our  laboratory  to  the  problem  of  defining  the  tran- 
scriptional status  of  the  individual  globin  genes  and  the  flanking  DNA  regions. 
A  more  direct  approach  to  the  goal  of  isolating  proteins  which  have  regulatory 
functions  within  the  globin  gene  region  may  be  achieved  by  use  of  cloned  DNA 
fragments  isolated  as  described  in  project  "Regulation  of  the  sheep  globin 
genes." 
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The  ability  to  grow  myeloid  and  erythroid  hematopoietic  cells  in  vitro  has 
provided  a  convenient  method  for  the  assay  and  enumeration  of  human  and  murine 
stem  cells.   The  dependence  of  erythropoietic  mouse  spleen  and  fetal  liver  cells 


on  the  hormone  erythropoietin  has  served  as  a  basis  for  several  assays  of  anti- 
bodies to  erythropoietin  produced  by  hybridoma  cells  (see  project  ZOl-HL-02309-01), 
This  report  describes  the  usefulness  of  cell  culture  techniques  in  the  evaluation 
of  patients  with  pure  red  cell  aplasia  and  aplastic  anemia  who  are  treated  with 
immuno t he r ap y ,  including  the  drugs  cyclophosphamide  and  prednisone  combined  with 
plasmapheres is  or  lymphocyte  depletion.   In  addition,  the  method  serves  as  a 
basis  for  assessment  of  cell  separation  techniques  in  the  partial  purification 
of  peripheral  blood  stem  cells. 
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Objectives: 

Because  there  are  a  number  of  diseases  which  result  from  destruction  of 
cells  in  the  blood  by  antibodies,  such  as  idiopathic  thrombocytopenic  pur- 
pura and  autoimmune  hemolytic  anemia,  a  similar  immune-mediated  destruction 
of  hematopoietic  bone  marrow  elements  has  seemed  likely.   The  paradigm  of 
this  type  of  disease  is  pure  red  cell  aplasia,  in  which  there  is  an  absence 
of  erythroid  elements  in  the  bone  marrow  often  associated  with  a  gamma  glob- 
ulin which  is  lytic  to  erythroid  progenitors.   Approximately  half  of  the 
patients  with  pure  red  cell  aplasia  respond  to  some  form  of  immunotherapy, 
such  as  removal  of  a  thjnnoma  or  immunosuppressive  drugs. 

Aplastic  anemia  is  a  more  common  and  devastating  disorder  characterized 
by  the  absence  of  hematopoietic  elements  in  the  bone  marrow  and  peripheral 
blood  pancytopenia.   Severe  aplastic  anemia  is  fatal  to  90%  of  the  patients 
at  1  year.   Some  clinical  and  laboratory  findings  have  suggested  the  possi- 
bility that  aplastic  anemia,  like  pure  red  cell  aplasia,  may  be  a  disorder 
mediated  by  cytotoxic  antibodies  or  lymphocytes.   For  example,  some  patients 
with  aplastic  anemia  recover  following  immunosuppressive  therapy  or  bone 
marrow  transplantation  even  when  there  is  no  donor  bone  marrow  engraftment. 

The  measurement  in  the  laboratory  of  stem  cells  by  in  vitro  techniques 
has  obvious  usefulness  in  the  analysis  of  disorders  which  primarily  affect 
the  bone  marrow.   First,  stem  cell  assays  provide  a  semi-quantitative  means 
of  assessing  hematopoietic  progenitors.   For  example,  in  pure  red  cell 
aplasia  there  is  decrease  in  the  number  of  erythroid  stem  cells  but  normal 
quantities  of  myeloid  stem  cells;  in  aplastic  anemia,  both  erythroid  and 
myeloid  elements  are  severely  decreased.   Second,  the  measurement  of  stem 
cells  over  time  and  with  treatment  may  provide  clues  to  the  etiology  of 
these  disorders.   For  example,  recovery  following  immunosuppressive  therapy 
would  be  expected  to  be  accompanied  by  an  increase  in  the  appropriate  stem 
cells;  if  the  number  of  stem  cells  remain  constant  despite  improvement  in 
peripheral  blood  counts,  a  defect  in  the  differentiation  capability  of  the 
precursor  pool  might  be  inferred.   Third,  manipulation  of  cells  in  culture, 
such  as  the  addition  or  removal  of  cytotoxic  cell  populations,  may  provide 
experimental  clues  to  the  etiology  of  some  forms  of  bone  marrow  dysfunction. 
Fourth,  stem  cell  assays  are  required  for  preparation  of  purified  bone  mar- 
row or  peripheral  blood  fractions  of  separated  precursors.   One  such  means 
of  separation  is  the  use  of  automated  cell  separators. 

Methods: 

Optimal  growth  of  hematopoietic  stem  cells  is  highly  dependent  on  the 
reagents  employed,  especially  fetal  calf  serum,  and  on  consistency  in  tech- 
nique.  Even  under  optimal  conditions,  there  is  a  wide  range  of  normal 
values  obtained  for  human  progenitor  cells  obtained  from  peripheral  blood 
and  bone  marrow  (see  Table  I) . 

There  are  a  large  number  of  reports  suggesting  a  laboratory  basis  for  a 
suspected  immunologic  cause  of  aplastic  anemia.   Unfortunately,  almost  all 
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the  in  vitro  assays  suffer  from  serious  methodologic  defects  and  the  diffi- 
culty of  finding  adequate  controls.   We  have  employed  two  in  vitro  assays 
for  presumed  immunologic  suppression  of  normal  bone  marrow  growth.   In  the 
first,  normal  serum  in  various  dilutions  is  incubated  for  30  minutes  in  the 
presence  of  complement  and  normal  bone  marrow  cells.   After  washing,  the 
normal  marrow  cells  are  cultured  and  the  progenitor  cells  are  assayed.   In 
our  experience,  sera  obtained  from  patients  who  have  been  alloimmunized  by 
frequent  transfusion  to  donor  erythrocytes  are  not  inhibitory  under  these 
conditions.   This  assay  is  a  crude  means  of  determining  serum  inhibitory 
activity.   The  second  method  is  co-culture  of  a  patient's  bone  marrow  with 
normal  bone  marrow  cells.   When  cells  from  two  normal  bone  marrow  aspirations 
are  co-cultured,  there  is  generally  a  20-50%  increase  in  the  total  number  of 
colonies  in  comparison  to  either  bone  marrow  alone.   The  bone  marrow  obtained 
from  some  patients  with  aplastic  anemia  appears  to  suppress  normal  bone  mar- 
row growth  and  results  in  a  lower  number  of  colonies.   Because  of  the  heter- 
ogeneity of  the  cells  present  in  normal  bone  marrow,  it  is  impossible  to 
ascribe  inhibitory  activity  to  a  specific  cellular  subset  or  to  the  direct 
effect  of  cytotoxic  lymphocytes.   As  with  serum  inhibition,  it  is  difficult 
to  control  for  allogeneic  effects  in  co-culture  experiments. 

Because  of  the  suggestiveness  of  the  clinical  studies  in  aplastic  anemia 
and  the  difficulty  of  performing  reliable  in  vitro  assays,  a  clinical  trial 
of  immunotherapy  in  aplastic  anemia  appeared  warranted  to  test  the  hypothesis 
that  the  disease  is  immunologic  in  character.   In  addition,  the  response  of 
patients  with  pure  red  cell  aplasia,  a  known  immunologic  disorder,  serves  as 
a  convenient  control  for  the  effectiveness  of  treatment  as  well  as  offering 
a  new  mode  of  therapy  for  those  patients  who  are  refractory  to  conventional 
drugs. 

Results: 

A.   Immunotherapy 

Two  patients  with  transfusion  dependent,  refractory  pure  red  cell 
aplasia  of  long  duration  have  been  treated  with  intensive  plasmapheresis, 
cyclophosphamide,  and  prednisone  (see  Tables  I  and  II).   The  first  patient 
had  been  anemic  for  15  years  and  had  a  hypoplastic  bone  marrow.   Six  weeks 
following  the  discontinuation  of  treatment,  she  had  bone  marrow  cells  present 
on  aspiration  for  the  first  time  in  5  years.   Over  the  course  of  the  next  3 
months,  there  was  approximately  a  25%  reduction  in  her  transfusion  require- 
ment.  The  second  patient  had  been  transfusion  dependent  for  4  years  and  had 
demonstrated  only  imcomplete  and  transient  responses  to  prednisone  and  alky- 
lator  therapy.   Three  weeks  following  discontinuation  of  treatment,  he  de- 
veloped a  reticulocytosis,  the  hematocrit  returned  to  normal,  and  erythroid 
progenitors  reappeared  in  his  bone  marrow.   In  both  patients,  serum  inhibi- 
tors of  erythroid,  but  not  myeloid,  bone  marrow  growth  were  present;  titers 
of  these  inhibitors  fell  dramatically  with  plasmapheresis. 

Four  patients  with  severe  aplastic  anemia  as  defined  by  peripheral  blood 
counts  have  been  treated  with  either  lymphocyte  depletion  or  plasmapheresis 
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in  combination  with  cyclophosphamide  and  prednisone  (see  Tables  I  and  II). 
One  patient  died  of  an  unrelated  cause  during  therapy.   Of  the  remaining 
three  patients,  two  have  shown  no  response  and  the  third  has  demonstrated  a 
moderate  increase  in  bone  marrow  myelopoietic  elements  without  a  change  in 
peripheral  blood  counts.   As  shown  in  Tables  I  and  II,  evidence  of  serum 
inhibitor  and  co-culture  inhibition  were  present  in  some  of  these  patients. 
The  failure  of  patients  with  aplastic  anemia  to  respond  to  treatment  suggests 
that  the  in  vitro  immunologic  findings  may  be  a  secondary  finding  in  this 
disorder. 

B.   The  Collection  of  Peripheral  Blood  Hematopoietic  Precursor  Cells 
With  the  IBM  2997  and  the  Haemonetics  Model  30  Cell  Separators 

Six  normal  donors  have  been  passed  on  either  the  IBM  2997  or 
Haemonetics  Model  30,  in  order  to  compare  the  collection  and  concentration 
capacity  of  these  2  machines  for  peripheral  blood  hematopoietic  precursor 
cells.   Blood  samples  pre-  and  post-  run  as  well  as  the  Haemonetics  30  leu- 
kocyte concentrate  and  aliquots  of  the  IBM  2997  white  cell  layer  obtained  at 
differing  rotational  speeds  have  been  tested  for  CFU-C  and  BFU-E  concentra- 
tions.  To  date,  the  CFU-C  concentrations  in  Haemonetics  30  leukocyte  con- 
centrate has  been  increased  2,  5,  and  6  fold,  the  BFU-E  2,  4,  and  9  fold. 
The  CFU-C  concentration  in  the  IBM  2997  white  cell  layer  has  been  increased 
maximally  by  6,  12,  and  15  fold;  the  BFU-E  concentration  by  4,  10,  and  10 
fold.   The  optimal  collection  speed  probably  occurs  at  the  higher  RPM  tested 
(950-1150  RPM).   Our  preliminary  data  suggest  that  the  IBM  2997  will  allow 
superior  quantitative  collection  of  peripheral  blood  precursor  cells. 

Proposed  Course  of  Project: 

Immunotherapy .   Initial  results  have  suggested  that  plasmapheresis  and 
chemical  immunotherapy  may  be  an  efficient  method  for  inducing  remission  in 
patients  with  refractory  pure  red  cell  aplasia.   Two  patients  who  have 
demonstrated  refractoriness  to  Cytoxan  therapy  are  available  for  immediate 
entry  into  the  protocol. 

In  addition  to  the  4  patients  with  aplastic  anemia  who  have  been  treated 
by  the  l3nnphocyte  depletion  of  plasmapheresis,  2  other  patients  are  in  ther- 
apy and  a  further  4-6  patients  will  be  treated  in  a  similar  fashion.   If 
there  is  little  evidence  of  clinical  benefit  of  this  treatment,  despite  lab- 
oratory evidence  of  humoral  or  cytotoxic  suppression,  serious  doubt  will  be 
cast  on  an  immunologic  mechanism  underlying  aplastic  anemia. 

Stem  Cell  Separation.   Further  studies  are  in  progress  to  define  more 
precisely  the  quantitative  collection  capacity  of  the  2  cell  separators,  the 
qualitative  characteristics  of  the  stem  cells  isolated,  and  the  donor 
pool-size  of  stem  cells  in  normal  humans.   Final  results  will  be  assessed 
for  efficacy  of  cell  separation  as  a  method  of  collection  of  stem  cells  for 
"bone  marrow"  transplantation.   In  addition,  peripheral  blood  stem  cells  may 
serve  as  immunogens  for  hybridoma  antibody  production  (see  ZOl  HL  02309-01) . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  transformation  of  cultured  mammalian  cells  with  defined  DNA  fragments 
has  been  explored  as  a  system  for  studying  eukaryotic  gene  regulation  with  a 
special  interest  in  studying  the  expression  of  normal  human  glob in  genes  and  to 
characterize  and  ultimately  correct  the  molecular  defects  affecting  globin  gene 
expression  in  patients  with  homozygous  B-thalassemia.   The  co-transformation  of 
mouse  fibroblasts  with  herpes  simplex  thymidine  kinase  gene  and  a  recombinant 
bacteriophage,  AH3G1,  containing  both  the  human  6  and  3  globin  genes  has  resulted 
in  mouse  cell  lines  in  which  the  human  globin  genes  are  stably  integrated  without 
apparent  rearrangement.   Analysis  of  DNA  from  the  transformed  cells  has  identi- 
fied the  several  Eco  RI  restriction  endonuclease  fragments  which  contain  the  glo- 
bin genes.   The  human  globin  genes  are  expressed  in  the  mouse  cells  for  there  are 
75-100  copies  of  6  globin  mRNA  per  cell  as  determined  by  molecular  hybridization 
analysis.   Nearly  the  entire  coding  sequence  of  the  globin  gene  is  represented  in 
these  transcripts,  although  the  RNA  molecules  may  be  slightly  shorter  than  authen- 
tic 3  globin  mRNA  isolated  from  human  reticulocytes.   No  human  g  globin  was  de- 
tected by  radioimmunoassay  of  extracts  from  the  transformed  mouse  cell  <= 
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Objectives: 

Due  e  to  the  development  of  DNA  splitting  and  gene  cloning  techniques, 
certain  specific  genes  other  than  those  of  viral  orgin  can  now  be   obtained 
in  a  homogenous  state  and  in  large  quantity.   Consequently,  it  is  possible 
to  study  the  organization  of  such  genes  by  restriction  endonuclease  mapping 
and  to  depict  the  primary  sequence  by  rapid  DNA  sequencing  techniques.   Such 
study  constitutes  the  first  step  toward  the  ultimate  goal  of  understanding 
the  fine  regulation  of  gene  expression  which  in  turn  is  essential  for  under- 
standing differentiation,  development,  and  cancer. 

Herpes  simplex  viral  thymidine  kinase  gene  (Herpes  TK  gene)  has  been 
found  to  transform  thjnnidine  kinase  negative  mouse  fibroblast  cells  in 
culture  into  TK  positive  transformants,  selectable  in  HAT  medium.   Co-trans- 
formation with  a  second  non-selectable  gene  is  also  a  frequent  occurrence  if 
a  DNA  fragment  including  that  gene  is  used  along  with  Herpes  TK  gene  in  the 
transformation  experiment.   Our  studies  are  directed  toward  exploring  the 
usefulness  of  the  co-transformation  system  for  studying  globin  gene  regula- 
tion.  Cloned  genomic  globin  genes  are  introduced  into  recipient  cells  and 
their  expression  is  studied  by  examining  extracts  of  the  cells  for  RNA 
transcripts  and  globin. 

Methods: 


1.  Preparation  of  transforming  DNA:   A  bacterial  plasmid  which  contains 
the  Herpes  TK  gene  cloned  into  E.  coli  using  the  plasmid  vector-pBR322,  pro- 
vided a  source  of  this  gene  for  transformation.   AHBGl  DNA  containing  the 
human  6  and  3  globin  genes  was  prepared  from  isolated  bacteriophage  by  stan- 
dard techniques. 

2.  DNA  transformation:  The  DNA  of  the  plasmid  containing  the  Herpes 
TK  gene  and  AH0G1  DNA  were  co-precipitated  with  calcium  chloride  and  used 
to  transform  TK  L-cells.   Transformants  were  selected  in  HAT  media. 

3.  Identification  and  characterization  of  the  globin  genes  in  trans- 
formed cell  lines:   High  molecular  weight  DNA  was  prepared  from  each  trans- 
formed cell  clone  using  Blin's  procedure,  cut  with  suitable  restriction  en- 
donucleases,  electrophoresed  in  an  agarose  gel,  and  the  DNA  was  transferred 
to  nitrocellulose  filter  papers  using  Southern  blotting  techniques.   The 
filter  papers  were  hybridized  with  probes  specific  for  globin  gene  sequences. 

4.  Characterization  of  globin  mRNA  transcripts:   RNA  was  prepared  from 
the  transformed  cell  lines  by  standard  techniques.   Quantitation  of  B  globin 
mRNA  sequences  in  total  cellular  RNA  was  accomplished  with  a  single  stranded 
totally  pure  B  globin  specific  DNA  probe  by  solution  hybridization.   Sizing 
of  the  globin  gene  transcripts  was  by  the  Northern  blot  procedure  whereby 
RNA  molecules  are  resolved  in  an  agarose  gel  under  denaturing  conditions, 
transferred  to  diazotized  cellulose  paper  and  identified  by  hybridization  to 
the  3  globin  gene  specific  probe. 

Major  Findings: 

1.   Co-transformation  with  a  low  ratio  (3:1)  of  AHBGl  DNA  and  Herpes  TK 
gene  plasmid  DNA  resulted  in  nearly  a  50%  efficiency  of  incorporation  of  the 
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human  6  and  B  globin  genes.   Thus,  5  out  of  11  stably  transformed  mouse  cell 
lines  contained  both  genes. 

2.  Southern  blot  analysis  of  DNA  extracted  from  several  cell  lines  re- 
sulted in  the  identification  of  the  characteristic  Eco  RI  fragments  derived 
from  AH3G1.   These  results  suggest  that  the  human  3  and  6  globin  gene  region 
is  replicated  intact  in  the  co-transformed  cells  without  significant  re- 
arrangement. 

3.  Analysis  of  total  cellular  RNA  from  two  lines  indicated  molecules 
containing  human  3  globin  mRNA  sequences  were  present  at  less  than  100  copies 
per  cell. 

4.  Nearly  complete  protection  of  the  human  B  globin  "cDNA"  probe  indi- 
cated that  there  is  fairly  uniform  transcription  of  the  coding  sequences  of 
the  human  B  globin  gene. 

5.  Northern  blot  analysis  of  polyA  RNA  from  two  cell  lines  suggest 
that  the  human  globin  gene  transcripts  are  approximately  50  nucleotides 
shorter  than  authentic  human  B  globin  mRNA. 

6.  No  human  B  globin  was  detected  in  transformed  mouse  cells  using  a 
specific  radioimmunoassay. 

Significance  to  Biomedical  Research  and  the  Institute  Program: 

These  studies  are  part  of  a  general  effort  to  identify  the  regions  in 
human  DNA  that  modulate  expression  of  the  human  B  globin  genes.  A  further 
goal  is  characterization  of  the  genetic  basis  of  B-thalassemia  by  studying 
defective  human  globin  gene  expression  in  cultured  cells. 

Proposed  Course  of  Project: 

Despite  the  high  frequency  of  co-transformation  and,  therefore,  success- 
ful integration  of  the  human  globin  genes,  the  low  level  of  their  expression 
and  the  apparent  incorrect  initiation  of  transcription  are  discouraging  with 
respect  to  the  potential  use  of  this  system  for  analysis  of  globin  gene  regu- 
lation.  Other  approaches  are  being  considered  whereby  it  may  be  possible  to 
integrate  defined  DNA  segments  into  mammalian  cells.   An  effort  must  be  made 
to  expand  the  size  of  the  DNA  fragment  introduced  to  increase  the  possibility 
that  all  DNA  sequences  necessary  for  normal  expression  will  be  included.  A 
further  goal  is  the  introduction  of  such  DNA  fragments  into  erythroid  cells, 
specifically  the  mouse  erythroleukemia  cell  line,  for  in  such  cells  normal 
regulation  of  globin  gene  expression  could  be  more  adequately  studied  than 
in  fibroblasts. 

Publications 

None 


^9> 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space] 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  HL  02307-01 


PERIOD   COVERED 

October   1,    1979   -   September   30,    1980 


TITLE  OF    PROJECT    (80  characters   or  less] 

Construction  of   Hybrid  Viruses   For  Use   in  Gene   Transfer 


NAMES,    LABORATORY   AND    INSTITUTE  AFFILIATIONS,    AND   TITLES  OF    PRINCIPAL    INVESTIGATORS  AND   ALL  OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON   THE  PROJECT 


PI:  A.    W.    Nienhuis 

V.P.    Setlow 

Other:  P.    Turner 

L.    Killos 
W.    F.    Anderson 


Branch   Chief  CHB  NHLBI 

Staff   Fellow  CHB  NHLBI 

Medical  Technologist  CHB  NHLBI 

Graduate   Student  LMH  NHLBI 

Laboratory  Chief  LMH  NHLBI 


COOPERATING  UNITS  (if  any) 

Laboratory  of  Molecular  Hematology,  NHLBI 


LAB/BRAriCH.        ,     „ 

Clinical  Hematology   Branch 


SECTION 


INSTITUTE  AND   LOCATION 

NHLBI,    NIH,    Bethesda,   MD   20205 


TOTAL  MANYEARS: 
2.0 


PROFESSIONAL: 

1.5 


OTHER: 


0.5 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)  HUMAN  SUBJECTS 

n  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


H  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

These  studies  are  directed  toward  three  goals.   The  first  is  to  develop  a 
positive  selectable  marker  gene,  that  for  dihydrof olate  reductase   (DHFR) ,  which 
may  be  used  to  facilitate  DNA  transfer  into  mammalian  cells  by  virtue  of  its 
ability  to  confer  resistance  to  methotrexate.   The  second  is  to  compare  the  effi- 
ciency of  hybrid  viruses   containing  the  DHFR  gene  to  that  of  DNA  precipitated  by 
calcium  phosphate  technique  in  transforming  tissue  culture  cells  in  vitro  or  mouse 
bone  marrow  cells  in  vivo ,  to  methotrexate  resistance.   The  third  is  to  use  viral 
transcription  and/or  replication  signals  to  construct  a  DNA  fragment  containing 
coding  portions  of  a  globin  gene  which  results  in  substantial  globin  production 
in  bone  marrow  cells.   To  date,  we  have  constructed  three  potentially  functional 
DHFR  genes  by  using  the  cloned  enzyme  coding  sequences  derived  from  mRNA  with  SV40 
and/or  globin  gene  transcription  and  RNA  splicing  signals.   One  of  the  constructs 
has  been  put  into  the  late  region  of  a  hybrid  SV40  virus.   During  the  late  lytic 
infection  of  monkey  kidney  cells,  two  RNA  species  containing  the  DHFR  enzyme  cod- 
ing sequences  are  produced  and  the  DHFR  activity  on  a  functional  assay  is  6-fold 
higher  than  in  control  cells. 
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Objectives : 

The  goal  of  correcting  human  genetic  defects  which  result  in  severe 
disease  by  genetic  therapy  is  becoming  an  increasingly  more  realistic  objec- 
tive based  on  substantial  knowledge  about  gene  structure  and  function  derived 
from  exploitation  of  the  molecular  cloning  recombinant  DNA  technology. 
Needed  are  positive  selectable  markers  which  can  be  used  to  identify  and 
amplify  those  cells  into  which  gene  transfer  has  been  affected.    Although, 
other  positive  selectable  markers  are  in  various  stages  of  characterization, 
the  marker  currently  available  is  the  gene  for  dihydrofolate  reductase,  (DHFR) 
an  enzyme  which  confers  resistance  to  methotrexate.   We  hope  to  adapt  this 
marker  to  our  purpose  by  using  viral  DNA  fragments  to  provide  necessary  repli- 
cation and  transcription  signals.   Because  SV40  virus  has  been  thoroughly 
characterized  and  already  used  as  a  vector  to  introduce  genes  into  eukaryotic 
cells,  we  have  chosen  this  virus  for  our  initial  experiments.   Our  hope  is  to 
construct  an  active  DHFR  gene  which  can  be  packaged  into  SV40  coat  proteins 
providing  a  hybrid  virus  which  can  be  used  to  infect  cells  thereby  intro- 
ducing the  DHFR  gene. 

Preliminary  DNA  transformation  experiments  in  our   and  other  laboratories 
have  yet  failed  to  define  the  required  DNA  sequences  surrounding  a  globin 
gene  which  result  in  a  high  level  of  expression  when  the  gene  is  introduced 
into  erythroid  or  other  cell.   An  alternative  strategy  involves  the  use  of 
viral  sequences  to  facilitate  either  amplification  or  a  high  rate  of  trans- 
cription of  the  globin  gene.   Our  initial  plan  again  calls  for  use  of  SV40 
signals  but  we  also  plan,  if  necessary,  to  use  defined  promoters  from  other 
viruses,  specifically  human  adenovirus. 

Methods : 


1.  Construction  of  potentially  functional  DHFR  genes:  All  constructions 
are  performed  by  use  of  the  plasmid  vector,  pBR322,  to  allow  cloning  of  con- 
structs into  E.  coli.   Restriction  endonuclease   fragments  derived  from  SV40 
or  cloned  sheep  or  human  globin  genes,  are  put  in  what  is  hoped  to  be 

an  appropriate  position  with  respect  to  the  DHFR  enzyme   coding  sequences  to 
provide  a  promoter,  RNA  splice  signals,  and  a  polyadenylation-transcription 
termination  complex.   Individual  fragments  are  inserted  successively  into  a 
recombinant  plasmid  by  ligation  and  then  transformation  into  E.  coli  until 
the  desired  hybrid  construct  is   obtained. 

2.  Construction  of  hybrid  SV40  viruses:   The  principle   for  these  con- 
structions is  the  same  as  that  outlined  above  except  that  the  initial  recom- 
binant plasmid  contains  a  deletion  mutant  of  SV40.  The  construction  of  the 
hybrid  virus  already  completed  utilized  a  plasmid  containing  the  SV40  frag- 
ment defined  by  Bam  HI  (0.14)  and  Hind  III  (0.94)  as  the  starting  material. 
Into  this,  at  the  Hind  III  site  (0.94)  and  the  plasmid  Eco  RI  site  was 
inserted  a  Hind  III-Eco  RI  fragment  containing  the  DHFR  gene.   Recovery   of 
the  closed  circular  hybrid  viral  DNA  from  the  resulting  recombinant  plasmid 
was  possible  by  cleavage  at  the  Bam  HI  site  of  SV40  (0.14)  and  at  a  Bgl  II 
site  just  3'  to  the  mRNA  coding  sequence  for  DHFR.   Because  these  enzymes 
produce  complementary  ends,  ligation  generates  a  circular,  potentially  in- 
fectious DNA  molecule. 
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3.  Lytic  infection  of  monkey  kidney  cells:   These  experiments  have 
been  performed  in  collaboration  with  Dr.  Dean  Hamer  of  the  Recombinant  DNA 
unit  of  NIAID.   Hybrid  viral  DNA  is  mixed  with  DNA  from  a  temperature  sensi- 
tive helper  virus  which  is  defective  in  the  early  region.   The  mixture  is 
introduced  into  permissive  monkey  kidney  cells.   Following  complete  lysis 

of  the  cells,  a  viral  stock  is  harvested  which  may  be  then  used  in  high 
titer  to  infect  permissive  monkey  kidney  cells.   After  approximately  40 
hours  and  before  cell  lysis  occurs,  the  cells  are  harvested  and  used  for 
DNA  extraction  or  preparation  of  an  extract  appropriate  for  enzyme  assay. 

4.  Transformation  of  tissue  culture  or  bone  marrow  cells  with  DNA:  DNA 
containing  the  gene  or  genes  of  interest  is  mixed  with  carrier  Herring  sperm 
DNA  and  precipitated  by  incubation  in  a  solution  containing  calcium  and  phos- 
phate.  The  precipitated  DNA  is  added  to  cells  which  are  then  incubated  at 
37°  for  4-24  hours.   After  the  DNA  precipitate  is  removed,  the  cells  are 
either  incubated  in  vitro   or  in  the  case  of  bone  marrow  cells,  reinjected 
into  lethally  irradiated  mice.   Selection  for  transformants  either  in  vivo 

or  in  vitro  is  by  challenge  with  methotrexate. 

5.  Microinjection  of  DNA  into  tissue  culture  cells:   These  experiments 
are  performed  in  collaboration  with  Lillian  Killos  and  W.F.  Anderson  of  the 
Laboratory  of  Molecular  Hemotology  using  techniques  outlined  in  the  annual 
report  of  that  laboratory.   DNA  containing  the  gene  or  genes  of  interest  is 
injected  directly  into  the  nuclei  of  various  cells  including  monkey  kidney 
cells,  mouse  L  cells  and  mouse  erythroleukemia  cells.   Transformants  are 
selected  by  incubation  in  media  containing  methotrexate. 

6.  Characterization  of  transfoirmed  cells:   DNA  from  transformed  cells 
is  analyzed  by  restriction  endonuclease  digestion,  gel  electrophoresis,  and 
Southern  blotting.   RNA  is  annealed  in  solution  to  probes  specific  for  DHFR 
or  globin  mRNA  sequences  to  allow  their  quantitation.   Gel  electrophoresis 
and  Northern  blot  analysis  of  RNA  is  used  to  define  the  size  of  specific  RNA 
species.   An  assay  for  DHFR  quantitates  conversion  of  [  H]dihydrofolate  to 

[  H] tetrahydrof olate  providing  a  measure  of  enzyme  activity. 

Results  : 

1.   Construction  of  potentially  functional  DHFR  genes:   Three  constructs 
have  already  been  completed. 

a.  DHFR  gene  has  been  inserted  into  the  late  region  of  SV40.   This 
recombinant  plasmid  contains  the  entire  early  region  of  SV40,  the 
SV40  origin  of  DNA  replication,  the  late  region  promoter  and  splice 
signals,  the  DHFR  mRNA  coding  sequences,  and  the  late  region  poly- 
adenylation-transcription  termination   complex.   It  serves  as  a 
source  for  the  SV40  hybrid  viral  DNA  containing  the  DHFR  gene  in 
the  late  region. 

b.  Constructed  in  pBR322  is  a  gene  which  contains  the  following 
components:   the  SV40  origin  of  DNA  replication,  the  SV40  early 
region  promoter,  the  DHFR  mRNA  coding  sequences,  the  human  3  glo- 
bin gene  large  intron  with  its  RNA  splice  signals,  and  the  sheep 
y  gene  polyadenylation-transcription  termination  complex. 
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c.   Assembled  in  the  plasmid  pBR322  are  the  following  fragments: 
the  SV40  origin  of  replication  and  early  region  promoter,  the 
DHFR  mRNA  coding  sequence,  the  SV40  t-antigen  splice  signal,  and 
the  SV40  late  region  polyadenylation-transcription  termination 
complex. 

2.   Formation  of  a  hybrid  SV40  virus  containing  the  DHFR  gene  in  the 
late  region:   The  recombinant  plasmid  described  above  (la)  was  cleaved  with 
Bam  HI  and  Bgl  II  and  the  5  kb  linear  hybrid  viral  DNA  isolated.   It  was 
ligated  into  a  circular  form  and  used  to  co-infect  monkey  kidney  cells 
along  with  DNA  from  a  temperature  sensitive  virus  with  a  defect  in  the  early 
region.   A  viral  stock  was  recovered.   During  lytic  infection  of  monkey 
kidney  cells,  DNA  was  isolated  and  the  presence  of  the  SV40  hybrid  virus 
containing  the  DHFR  gene  was  confirmed  by  restriction  endonuclease  digestion 
and  Southern  blot  analysis.   RNA  extracted  from  these  cells  during  the  late 
phase  of  viral  infection  was  found  to  contain  two  RNA  species  which  included 
DHFR  coding  sequences.   The  first  was  approximately  19  S  while  the  second 
was  approximately  12  S.   The  ratio  of  small  to  large  mRNA  species  was  only 
1  to  10.   The  activity  of  DHFR  in  the  cells  infected  with  the  hybrid  virus 
was  approximately  6  times  greater  than  in  control  cells  and  3.5  times  greater 
than  in  cells  infected  with  wild  type  SV40.   The  only  modest  increase  in 
DHFR  activity  in  the  cells  infected  with  the  hybrid  virus  may  be  due  to  the 
fact  that  the  predominant  splice  yields  an  RNA  product  with  translation  ini- 
tiation codons  located  5'  to  the  initiation  codon  for  the  DHFR  enzyme. 

Significance  to  Biomedical  Research  and  the  Institute  Program: 

Many  serious  human  diseases  arise  because  of  monogenetic  mutations 
affecting  a  structural  or  enzymatic  component  within  cells.   Two  of  these 
in  which  we  are  particularly  interested  are  sickle  cell  anemia  and  homozygous 
6- thalassemia.   The  goal  of  achieving  genetic  therapy  for  these  conditions 
seems  realistic  given  our  current  level  of  knowledge.   In  the  course  of 
pursuing  this  objective,  additional  knowledge  will  be  gained  regarding  the 
function  of  transcriptional  regulatory  signals  in  eukaryotic  cells. 

Proposed  Course  of  the  Project: 

Our  immediate  plans  are  to  test  the  already  constructed  recombinants 
with  respect  to  their  potential  for  conferring  methotrexate  resistance  onto 
tissue  culture  cells.   Cells  will  be  infected  with  virus,  transformed  with 
calcium  phosphate  precipitated  DNA,  and/or  microinjected  directly.   If  resis- 
tant clones  of  cells  are  obtained,  these  will  be  characterized  as  to  their 
content  of  the  recombinant  DNA  molecules,  their  level  of  expression  of  the 
DHFR  gene,  and  the  nature  of  the  RNA  products.   Successful  transformation  of 
cells  in  vitro  will  be  followed  by  attempts  to  introduce  the  methotrexate 
resistance  marker  into  hematopoietic  stem  cells  which  will  be  reinjected 
into  lethally  irradiated  recipient  mice.   If  necessary,  addi tonal  constructs 
will  be  made  which  incorporate  other  replication  and  transcription  signals 
if  the  current  constructs  do  not  yield  a  highly  functional  DHFR  gene.   Once 
a  functional  gene  is  identified,  globin  genes  either  in  their  native  state 
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or  in  a  modified  form  will  be  linked  to  the  active  DHFR  gene  and  used  to 
transform  erythroid  cells.   These  will  include  mouse  ery thro leukemia  cells 
in  vitro  and  hematopoietic  stem  cells  which  will  be  studied  in  their  in 
vitro  environment. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  kevwords)       .     ,   ,  ^„^^^A 

A  library  of  recombinant  bacterjoaSI^Vontaining  the  human  genome  was  screened 

with  a  probe  specific  for  globin  gene  sequences.   Recombinants  that  contained 
either  the  £,  the  two  y,  or  the  3'  half  of  the  3  globin  gene  along  with  extensive 
flanking  DNA  were  identified.   The  inserted  DNA  fragments  within  the  clones  con- 
taining the  e  and  the  two  y  genes  were  found  to  overlap;  thus  the  linkage  of  these 
genes  was  established.   The  e  gene  is  14  kilobases  (kb)  5'  to  the  Gy  gene.  Hetero- 
duplexes  formed  between  two  recombinants  containing  either  the  two  y  genes  or  the 
6  and  3  genes  were  examined  for  homology  by  electron  microscopy.  Heteroduplex  for- 
mation was  observed  only  between  the  coding  sequences  of  the  respective  globin 
genes;  the  flanking  sequences  had  completely  diverged.   Moderately  repetitive  DNA 
sequences  were  found  at  several  locations  throughout  the  3-like  globin  gene  cluste 
An  unusually  long  repeated  DNA  sequence  was  found  3'  to  the  3  globin  gene.   Its 
length,  determined  by  electron  microscopy  of  heteroduplexes  forraed  between  recom- ^ 
binants  containing  different  copies  of  the  repeat,  was  found  to  be  6.4  kb.  Approxi- 
mately 3000-5000  copies  of  this  repeat  are  present  in  the  human  genome;  thus,  this 
family  of  moderately  repetitive  DNA  sequences  represents  approximately  0.5-1.0%  of 
the  total  human  genome.  4^9P, 
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Objectives : 

The  human  e,Y  ,  and  3  globin  genes  are  expressed  sequently  throughout 
ontogenic  development  resulting  in  a  series  of  finely  regulated  switches  in 
the  major  hemoglobin  found  in  circulating  red  cells.   Definition  of  the 
mechanism  of  these  switches  in  hemoglobin  phenotype  has  been  pursued  with  a 
goal  of  using  this  as  a  model  for  understanding  gene  regulation  in  eukaryotic 
cells  in  general.   Also  specifically  the  switch  from  fetal  (Hb  F  =  ot232) 
during  the  perinatal  period  results  in  the  appearance  of  the  phenotypes  char- 
acteristic of  severe  3-thalassemia  and  sickle  cell  anemia  in  those  individuals 
who  have  the  abnormal  3  globin  genes  responsible  for  these  conditions.   Thus, 
reversal  of  the  fetal  to  adult  switch  in  such  individuals  could  be  helpful  in 
their  treatment. 

Molecular  cloning  recombinant  DNA  technology  provides  a  means  to  obtain 
specific  DNA  fragments  in  pure  form  allowing  detailed  characterization  of 
particular  regions  of  the  human  genome.   Because  of  our  interest  in  the  prob- 
lem of  hemoglobin  switching,  we  have  chosen  to  focus  on  the  human  e-y-3-  glo- 
bin gene  cluster.   Each  of  these  genes  is  approximately  1600  base  pairs  (bp) 
in  length  but  the  entire  gene  cluster  is  dispersed  over  at  least  46  kb  of  DNA. 
It  has  been  postulated  that  DNA  which  does  not  code  for  protein  must  contain 
sequences  involved  in  gene  regulation,  chromatin  folding,  or  other  poorly 
understood  but  potentially  important  functions:   Our  objective  is  to  charac- 
terize the  structural  features  of  the  DNA  sequences  surrounding  the  human 
3-like  globin  gene  cluster  thereby  hoping  to  clarify  their  functional  roles. 

Methods 

1.  Identification  of  recombinant  bacteriophage  containing  human  globin 
gene  sequences:   A  library  of  the  human  genome  cloned  as  15-20  kb  fragments 
into  E.  coli  using  the  bacteriophage  vector,  Charon  4A,  was  screened  with  a 
probe  specific  for  3-like  globin  gene  sequences.  Plaques  which  gave  a  positive 
signal  were  re-plated  and  a  secondary  screen  performed.   Twice  purified  posi- 
tive plaques  were  expanded.   DNA  was  extracted,  and  specific  fragments  of 
particular  interest  were  subcloned  into  E.  coli  using  the  plasmid  vector, 
pBR322.  ~ 

2.  Restriction  endonuclease  mapping:   Total  human  genomic  DNA  or  DNA 
from  specific  recombinant  bacteriophage  was  purified,  digested  with  restric- 
tion endonucleases ,  and  resolved  by  electrophoresis  through  agarose  gels.  The 
DNA  fragments  were  visualized  by  staining  with  ethidium  bromide  and  subse- 
quently were  transferred  to  nitrocellulose  filter  paper  by  the  Southern  blot- 
ting technique.  Incubation  of  the  nitrocellulose  paper  with  radioactive  probes, 
specific  for  globin  gene  or  other  sequences  allowed  fragments  containing 
these  sequences  to  be  defined.   By  this  general  approach,  restriction  endo- 
nuclease maps  of  the  genomic  regions  contained  in  specific  recombinants  have 
been  constructed. 

3.  Analysis  of  DNA  heteroduplexes  by  electron  microscopy:   DNA  from  any 
two  specific  recombinants  whose  inserted  DNA  fragments  contained  sequences 
which  were  potentially  homologous  to  one  another,  was  allowed  to  anneal  under 
defined  conditions.   Formation  of  heteroduplexes  was  detected  after  approxi- 
mate shadowing,  by  scanning  grids  with  the  electron  microscope.   Photographs 
of  identified  heteroduplexes  were  studies  to  define  the  lengh  and  location  of 
homologous  DNA  in  the  two  recombinants. 
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4.   Determination  of  repetition  frequency  and  sequence  homology  of 
specific  DNA  fragments:   Specific  cloned  DNA  fragments  were  rendered  radio- 
active by  a  nick-translation  reaction  and  used  as  probes  in  solution  hybridi- 
zation reactions  with  genomic  DNA  or  DNA  from  specific  recombinants.  The  rate 
of  annealing  provided  a  measure  of  the  repetition  frequency  of  the  probe  se- 
quences while  the  thermal  stability  of  formed  duplexes  provided  a  measure  of 
the  degree  of  sequence  homology. 

Major  Findings 

1.  Linkage  of  the  human  e   and  ^y  genes:  Two  recombinants,  one  contain- 
ing the  human  e  gene  and  the  second,  the  two  Y  genes,  were  found  to  contain 
two  Eco  RI  fragments  of  identical  length.  Other  restriction  endonuclease  sites 
were  identical  within  the  two  Eco  RI  fragments  from  the  two  recombinants. 
Furthermore,  one  of  the  two  Eco  RI  fragments  from  the  clone  containing  the  £ 
globin  gene  was  found  to  hybridize,  in  a  Southern  blot  reaction,  to  the  cor- 
responding Eco  RI  fragment  in  the  clone  containing  the  y  globin  genes.   Thus, 
the  linkage  of  the  e  to  the  ^y  gene  was  established;  the  e  gene  is  approxi- 
mately 14  kb  5'  to  the  first  of  the  two  y  genes. 

2.  Dishomology  in  the  sequences  flanking  the  y  and  6  globin  genes:  DNA 
heteroduplexes  formed  between  two  recombinants  containing  either  the  two  y  or 
the  6  and  3  globin  genes  were  examined  for  regions  of  homology  with  the  elec- 
tron microscope.  The  coding  sequences  of  the  ^    and  3  genes  formed  duplexes 
as  did  a  portion  of  the  coding  sequences  of  the  ^  and  6  globin  genes.   No 
other  evidence  of  homology  was  found  in  the  approximately  12  kb  of  DNA  exam- 
ined in  these  two  clones.   Thus  extensive  sequence  divergence  has  occurred  in 
the  flanking  regions  of  these  globin  genes. 

3.  Characterization  of  a  long  moderately  repetitive  DNA  sequence  found 
3'  to  the  human  3  globin  gene:  One  recombinant  isolated  from  our  human  genomic 
DNA  library  was  found  to  contain  the  3'  half  of  the  3  globin  gene  and  17  kb 

of  DNA  located  in  the  downstream  or  3'  direction.  To  characterize  this  region 
of  the  genome,  we  isolated  specific  restriction  endonuclease  fragments  from 
this  recombinant  to  be  used  as  probes  in  Southern  blot  analysis  against  geno- 
mic DNA.  From  these  experiments  we  learned  that  moderately  repetitive  DNA  se- 
quences were  found  3'  to  the  3  globin  gene.   One  fragment  was  used  as  a  probe 
to  screen  our  human  DNA  fragment  library  in  order  to  obtain  additional  copies 
of  this  moderately  repetitive  DNA  family.   By  solution  hybridization  experi- 
ments, examination  of  heteroduplexes  formed  between  recombinants  containing 
copies  of  this  moderately  repetitive  DNA  family,  and  by  Southern  blotting  ex- 
periments the  following  information  was  obtained.   The  copy  located  3'  to  the 
3  globin  gene  is  6.4  kb  long;  other  members  of  the  family  are  likely  to  be  of 
a  similar  length.  There  are  approximately  3000-5000  members  of  this  moderately 
repetitive  DNA  family  within  the  human  genome.  Therefore,  this  family  accounts 
for  approximately  0.5-1.0%  of  total  human  DNA.   Although  some  sequence  dif- 
ferences among  individual  copies  of  the  family  are  evident  from  restriction 
endonuclease  mapping  of  individual  clones,  the  thermal  stability  of  duplexes 
formed  between  one  half  of  one  copy  and  human  genomic  DNA  suggest  only  about 
10-15%  divergence  within  the  family.   Characterization  of  the  internal  struc- 
ture of  this  moderately  repetitive  DNA  family  suggest  a  long  linear  repeat 
rather  than  shorter  tandemly  arrayed  repetitive  sequences.  The  most  3'-l  kb  of 
the  copy  located  downstram  from  the  3  globin  gene  is  repeated  in  an  inverted 
orientation  another  5  kb  downstream;  the  intervening  DNA  is  unique  or  repeated 
at  a  low  frequency  in  the  human  genome. 
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Significance  to  Biomedical  Research  and  the  Institute  Program 

The  mechanism  of  gene  regulation  and  other  functions  in  which  non-coding 
DNA  sequences  may  be  involved  in  the  cells  of  higher  organisms  are  central 
problems  in  modern  molecular  genetics.   Our  goals  are  to  contribute  to  the 
elucidation  of  these  mechanisms  while  our  focus  on  the  human  3 -like  globin 
gene  cluster  reflects  our  interest  in  the  human  genetic  disease,  g -thalas- 
semia and  sickle  cell  anemia  and  the  general  problem  of  hemoglobin  switching. 
The  long  term  objective  is  to  obtain  insights  which  may  permit  the  stimulation 
of  fetal  hemoglobin  production  in  patients  in  whom  this  would  be  of  potential 
therapeutic  benefit. 

Proposed  Course  of  the  Project 

During  the  next  several  months  we  hope  to  initiate  experiments  which 
will  provide  us  a  transcriptional  map  of  the  human  &-like  globin  gene  region. 
Specifically  we  are  interested  in  knowing  the  location  of  other  repetitive 
DNA  sequences  and  whether  or  not  they  are  transcribed  into  cellular  RNA. 
Also,  the  presence  or  absence  of  other  structural  genes  within  this  genomic 
region  is  a  question  which  must  be  resolved.   Further  characterization  of  the 
long  moderately  repetitive  DNA  family  is  planned.   Specifically  we  hope  to 
learn  whether  other  copies  of  the  family  neighbor  genes  which  are  expressed 
in  human  erythroid  cells.   Furthermore,  we  hope  to  learn  whether  all  or  any 
portion  of  individual  copies  of  this  repetitive  DNA  family  are  expressed  in 
cellular  RNA.   The  appropriate  experiments  to  determine  whether  analogous 
repetitive  DNA  families  are  found  in  other  species,  specifically  higher 
primates,  are  planned.  Finally,  we  hope  to  learn  whether  this  long  repetitive 
DNA  sequence  will  facilitate  transformation  of  human  cells  with  DNA  fragments 
containing  this  sequence  and  furthermore,  if  such  transformation  is  obtained 
whether  the  repetitive  DNA  will  facilitate  integration  of  the  transforming 
fragments  into  chromosomal  DNA. 

Publications 

1.   Kaufman,  R.E.,  Kretschmer,  P.J.,  Adams,  J.U.,  Coon,  H.C.,  Anderson, 

W.F.,  and  Nienhuis,  A.W.   Cloning  and  characterization  of  DNA 
sequences  surrounding  the  human  %     6,  and  3  globin  genes.   Proc. 
Natl.  Acad.  Sci.  USA.   In  press. 
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Hybridoma  technology  has  provided  a  method  for  the  production  of  large 
quantities  of  monoclonal  antibodies  of  restricted  and  often  unusual  specific- 
ity, a  goal  difficult  and  often  impossible  to  realize  with  conventional  immu- 
nological techniques  which  employ  subtraction  of  unwanted  specificities  from 
whole  antisera.   Hybridomas  are  the  cell  fusion  products,  resulting  from 
polyethylene  glycol  treatment  of  spleen  cells  from  an  immunized  mouse  and  an 
immortal  murine  myeloma  cell  line.   In  selective  media,  the  fused  hybridoma 
cells  may  be  cloned  and  the  synthetic  products  of  the  cloned  cells  assayed  in 
order  to  select  cell  lines  producing  antibody  of  desired  specificity.   Cloned 
cell  lines  are  capable  of  producing  microgram  quantities  of  antibody  in  tis- 
sue culture  flasks  and  milligram  quantities  when  injected  into  animals  as 
ascites  producing  tumors.   Selection  of  specificity  therefore  occurs  at  the 
level  of  the  individual  antibody  producting  cell  and  not  by  manipulation  of 
animal  serum.   In  work  with  cell  membrane  antigens,  hybridoma  cells  have  been 
isolated  which  produce  hybridoma  antibodies  which  recognize  "minor"  specific- 
ities on  the  cell  surface  which  are  of  major  biological  interests,  for  ex- 
ample, thymocyte  sub-class  antigenic  markers,  differentiation  antigens,  his- 
tocompatability  antigens,  and  malignancy  markers  have  been  isolated  by  se- 
lection of  appropriate  clones,  despite  their  apparent  absence  on  analysis  of 
whole  serum.   Second,  hybridoma  technology  has  major  application  in  theory 
to  the  isolation  and  purification  of  immunogenic  molecules,  either  on  the 
cell  surface  or  in  solution,  which  are  available  only  partially  purified  and 
in  limited  quantity,  providing  that  a  suitable  assay  for  specific  antibody  to 
the  molecule  is  developed.   Finally,  hybridoma  cells  and  their  antibody  pro- 
ducts are  of  intrinsic  interest  to  immunologists  in  studies  of  antibody- 
antigen  binding  sites  and  the  character  of  antigenic  determinants  which  con- 
fer specific  biochemical  properties  on  proteins. 

I.   Hemoglobin 

Objectives: 

In  our  laboratory,  previous  experience  with  the  conventional  immu- 
nology of  hemoglobins  suggested  the  usefulness  of  this  antigen  to  define  the 
optimal  conditions  obtaining  hybridomas,  namely,  animal  immunization,  cell 
fusion,  and  clonal  growth.   A  large  number  of  Balb  C  strain  of  mice  have  been 
immunized  with  chromatographically  purified  hemoglobins  A  and  F,  200  yg  day 
1,  100  yg  day  14,  both  given  intraperitonealy  in  Freund's  adjuvant,  and  50  yg 
hemoglobin  intravenously  day  28  or  after.   Animals  are  sacrificed  3  days  fol- 
lowing the  final  intravenous  innoculation.   Although  peak  antibody  levels  to 
hemoglobin  develop  12-14  days  following  boost  with  antigen  and  Freund's  ad- 
juvant, for  purposes  of  hybridoma  production,  an  intravenous  injection  3-4 
days  prior  to  sacrifice  appears  to  be  an  absolute  requirement. 

Methods; 

NS-1,  Sp-2,  and  P3X63.AG8  myeloma  cell  lines  have  been  employed  for 
fusion.   All  the  myeloma  cell  lines  are  HPRT  ,  but  vary  in  their  secretion 
of  antibody  molecules:   P3X63,  which  has  been  employed  in  most  of  the  pub- 
lished hybridoma  work,  secretes  its  own  heavy  and  light  chain,  NS-1  secretes 
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a  light  chain,  and  Sp-2  produces  no  myeloma  antibody.   NS-1  cells  have  proven 
to  be  most  suitable  for  the  majority  of  our  studies,  as  exposure  to  50%  poly- 
ethylene glycol  for  1-2  minutes  results  in  approximately  400  clones /immunized 
spleen,  with  a  high  frequency  of  positives  to  hemoglobin  (10-40%) .   Sp-2  fu- 
sions result  in  fewer  clones  (100/spleen) ,  but  dependent  on  the  immunization 
schedule,  a  large  proportion  of  these  may  be  reactive  to  the  injected  anti- 
gen. 

Screening  for  hemoglobin  binding  is  performed  in  a  plate  assay.   Hemo- 
globin is  allowed  to  adhere  to  microtiter  plates,  supernatant  or  sera  speci- 
mens are  added  to  each  well,  and  following  washing  the  binding  of  radioionated 
protein  A  or  anti-mouse  immunoglobulin  is  measured  in  a  gamma  counter. 

Results: 

After  establishing  optimal  fusion  and  growth  conditions,  a  large 
number  of  clones  which  produce  antibody  to  hemoglobins  have  been  isolated. 
Using  the  immunization  schedule  outlined  above,  all  antibodies,  whether  iso- 
lated from  hemoglobin  A  or  hemoglobin  F  injected  mice,  have  been  equally  re- 
active with  the  two  hemoglobins,  despite  the  major  differences  in  the  amino 
acid  sequence  of  these  molecules. 

Proposed  Course  of  Project; 

The  hybridomas  which  produce  antibody  reactive  to  hemoglobins  A  and 
F  have  been  expanded.   Specific  antibodies  to  hemoglobins  A  and  F  are  of  in- 
trinsic immunologic  interest  and  required  for  quantitative  assay  of  hemoglo- 
bins in  erythroid  culture,  human  bone  marrow,  and  peripheral  blood.   Immuno- 
logic techniques  which  manipulate  the  antibody  response  of  the  injected  mice 
to  antigens  may  result  in  production  of  hemoglobin  antibodies  of  greater 
specif ity.   For  example,  spleens  from  hemoglobin  F  injected  animals  have  been 
injected  into  irradiated  animals  hyperimmunized  to  Hb  A;  this  sublethal  irra- 
diation destroys  the  recipient's  antibody  producing  cells.   At  the  time  of 
injection  of  the  hemoglobin  F  spleen  cells,  Hb  F  is  injected  intravenously. 
This  experimental  approach  is  predicated  on  the  ability  of  high  levels  of 
antibody  to  specifically  suppress  the  proliferation  of  clones  synthesizing 
that  antibody. 

II.   Erythropoietin 

Objectives; 

Human  erythropoietin  has  been  purified  to  homogeneity  (70,000 
units /mg)  by  conventional  and  very  tedious  biochemical  techniques.   A  specific 
antibody  to  this  molecule  would  allow  for  its  affinity  purification.   It 
would  also  serve  as  a  marker  for  the  presence  of  erythropoietin  and  the  ex- 
perimental definition  of  its  mechanism  plus  site  of  action,  target  cell  spe- 
ciflty,  physiology  and  pharmacology.   Crude  antiserum  have  been  raised  in 
other  laboratories  to  impure  erythropoietin  which  are  capable  of  neutralizing 
the  action  of  this  effector,  but  these  have  proven  inadequate  for  biochemical 
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study.   We  have  attempted  to  obtain  monoclonal  antibodies  using  hybridomas  by 
immunizing  Balb  C  mice  with  either  commercially  obtained  sheep  erythropoietin, 
which  has  been  further  purified  by  absorption  to  wheat  germ  agglutinin  lectin 
Sepharose,  or  partially  purified  human  erythropoietin,  obtained  from  the  Blood 
Resources  Branch,  NHLBI.   Suitable  assay  methods  for  the  detection  of  anti- 
body erythropoietin  have  been  developed. 

Methods: 

Balb  C  mice  4-6  weeks  old  have  been  immunized  with  100-200  units 
sheep  or  human  erythropoietin  in  Freund's  adjuvant  x  2  at  2  week  intervals 
and  by  intravenous  tail  vein  injection  3  days  prior  to  sacrifice.   The  spleen 
cells  from  these  animals  have  been  fused  with  polyethylene  glycol  to  a  vari- 
ety of  myeloma  cell  lines,  including  P3X63.AG8,  NS-1,  and  Sp-2  cells.   Parent 
antisera  and  the  supernatants  obtained  from  microtiter  wells  containing  the 
cloned  hybridoma  cells  have  been  assayed  employing  a  variety  of  methods: 

A.  Direct  binding  to  highly  purified  erythropoietin  prepared  by  Dr.  E. 
Goldwasser  and  radioionated  by  us  to  high  specific  activity.   Serum  or 
supernatants  are  absorbed  to  anti-mouse  IgG  or  protein  A  liganded  to 
Sepharose,  which  allows  separation  of  bound  and  free  erythropoietin  as  in 
a  conventional  radioimmunoassay. 

B.  Inhibition  of  serum  or  supernatant  of  growth  of  erythroid  cell  colonies, 
specifically  fetal  liver  cells  in  the  presence  of  .1-1  unit/ml  erythro- 
poietin. 

C.  Indirect  inhibition  of  erythroid  cell  growth.   In  these  assays,  hybridoma 
supernatants  or  serum  are  absorbed  to  plastic  plates  coated  with  protein 
A  or  anti-mouse  IgG,  erythropoietin  is  added  to  the  dry  plates  and  after 
suitable  incubation,  removed  and  assayed  for  ability  to  support  erythroid 
cell  growth. 

D.  Complement  lysis  of  erythroid  progenitors.   Test  supernatant  or  sera  are 
added  to  erythropoietin  saturated  fetal  liver  cells.   Further  addition  of 
anti-mouse  IgG  and  complement  results  in  lysis  of  these  cells  as  detected 
by  colony  formation. 

Results: 

Several  animals  hyper immunized  with  sheep  erythropoietin  died  of 
anaphylaxis  following  intravenous  injection.   Because  of  limited  quantities 
of  human  erythropoietin,  two  animals  have  been  fully  immunized  with  a  total 
of  500  units  each  of  human  erythropoietin  and  fused  with  NS-1  cells.   The 
serum  of  these  animals  did  not  inhibit  in  direct  or  indirect  assay  growth  of 
murine  fetal  Hyer  cells.   There  was  evidence  of  only  marginal  binding,  of 
their  serum  to    I-  erythropoietin,  compared  to  controls.   The  sera  did  lyse 
fetal  erythroid  progenitors  in  the  presence  of  anti-mouse  IgG  and  complement 
when  compared  to  control  serum  raised  against  unrelated  molecules.   A  total 
of  approximately  700  hybridoma  clones  have  been  assayed  using  direct  inhibition 


SbS' 


Project  No.  ZOl  HL  02309-01  CHB 

of  fetal  liver  cell  growth  and  binding  to  radioactively  labelled  erythropoi- 
etin as  described  above.   No  clones  were  inhibitory  to  erythroid  cell  growth 
imder  the  conditions  employed.   A  single  clone  bound    I-  erythropoietin  and 
with  some  difficulty  has  been  expanded. 

Proposed  Course  of  Project: 

During  the  last  six  months,  it  has  become  apparent  that,  in  con- 
trast to  preparation  of  antibodies  to  cellular  membrane  antigens,  the  prepara- 
tion of  antibodies  to  soluble  antigens,  using  the  hybridoma  technology,  even 
when  these  are  highly  purified,  is  a  formidable  task.   Many  of  the  antigens 
used  have  been  hormones  and  these  may  be  inherently  less  immunogenic  than 
cellular  proteins.   Because  of  their  soluble  nature,  they  may  be  processed 
differently  in  the  immunized  mouse,  for  example,  cleared  more  rapidly  from 
the  circulation.   There  are  major  variations  among  mouse  strains  and  within 
individual  mice  in  responsiveness  to  antigens,  presumably  determined  by  im- 
mune response  genes.   The  quantity  of  soluble  antigens  injected  may  have  to 
be  large  -  on  the  order  of  1  mg/animal  as  total  dose  -  to  insure  the  produc- 
tion by  the  hybridomas  of  specific  antibodies.   This  would  require  approxi- 
mately 70,000  units  of  erythropoietin  per  animal  for  immunization  alone,  a 
quantity  which  our  laboratory  is  not  prepared  to  purify  and  which  is  unavail- 
able from  other  sources.   As  an  alternative  to  this  investment  of  very  large 
quantities  of  purified  erythropoietin  is  the  development  of  techniques  which 
may  enhance  the  immunogenicity  of  erythropoietin.   As  an  example  of  the  lat- 
ter, we  have  prepared  syngeneic  erythroblasts  coated  with  sheep  erythropoie- 
tin and  immunized  several  different  mouse  strains  with  these  fixed  cells. 
This  method  presents  the  foreign  antigen  on  the  insoluble  cell  surface  and 
may  enhance  its  immunogenicity. 

III.   K562  Leukemia  Cells 

Objectives: 

The  inability  to  purify  the  small  number  of  stem  cells  present  in 
the  bone  marrow  in  large  quantity  and  in  pure  state  is  a  major  obstacle  in 
studies  of  erythropoiesis.   Production  of  antibody  which  is  specific  to  a 
stem  cell  membrane  antigen  would  offer  a  method  for  identifying  and  purifying 
this  minor  population  of  bone  marrow  cells.   As  isolation  of  these  cells  for 
immunization  purposes  as  well  as  screening  is  difficult,  as  a  first  approach 
we  have  employed  the  K562  leukemia  cell  line  as  immunogen.   K562  cells  are 
derived  from  the  ascitic  fluid  of  a  patient  with  chronic  myelogenous  leuke- 
mia; however,  these  cells  have  the  ability  to  synthesize  embryonic  and  fetal 
hemoglobins  and  alpha  globin  in  their  basal  state  and  to  increase  globin  chain 
synthesis  and  globin  mRNA  following  induction  with  hemin,  sodium  butyrate,  and 
other  chemicals.   K562  cell  membranes  contain  glycophorin  and  other  red  cell 
membrane  components.   Sharing  these  properties  with  human  erythroid  cells  but 
in  other  respects  a  primitive  blast  cell,  it  seems  likely  that  the  K562  cells 
may  also  share  antigenic  determinants  with  erythroid  stem  cells.   Practically, 
K562  cells  are  easy  to  maintain  in  long  term  culture  and  readily  available  for 
assay  purposes. 
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Methods  and  Results: 

Balb  C  mice  have  been  immunized  with  1-2  x  10  K562  cells  in 
Freund's  adjuvant  at  2  week  intervals  and  with  K562  intravenously  3-4  days 
prior  to  sacrifice.   Fusions  have  been  performed  with  NS-1  and  Sp-2  myeloma 
cells.   It  is  important  to  irradiate  the  K562  cells  prior  to  immunization  as 
they  may  seed  the  spleen  and  subsequently  overgrow  the  clonal  cultures.   The 
hybridoma  supernatants  are  assayed  for  binding  to  K562  cells  or  peripheral 
blood  lymphocytes  which  have  been  glutaraldehyde  fixed  and  sedimented  to  the 
bottom  of  microtiter  wells.   Radioionated  protein  A  has  been  used  as  a  marker 
of  immunoglobulin  presence  on  cell  surfaces.   Employing  NS-1  myeloma  cells,  a 
total  of  348  clones  were  grown  in  672  wells.   Eighteen  percent  of  superna- 
tants showed  binding  activity  greater  than  one  standard  deviation  and  7% 
showed  binding  activity  greater  than  2  standard  deviation  above  the  mean  of 
radioactivity  bound  to  K562  cells.   7  clones  (2%)  demonstrated  greater  than 
2  fold  higher  binding  to  K562  cells  compared  to  peripheral  blood  lymphocytes. 
These  clones  are  being  expanded  in  culture  for  eventual  injection  as  ascites 
producing  tumor  in  Balb  C  recipients.   Anti-K562  antisera  bind  K562  cells  and 
in  addition  show  strong  fluorescence  against  K562  cells,  some  normal  bone  mar- 
row cells,  but  not  human  erythrocytes.   In  a  hybridization  performed  with  Sp-2 
cells,  71  single  clones  resulted  from  576  wells  plated.   Of  these  clones,  6 
were  reactive  to  K562  cells,  and  4  demonstrated  significantly  higher  binding 
to  K562  cells  compared  to  peripheral  blood  lymphocytes. 

Proposed  Course  of  Project: 

Following  expansion  and  production  of  larger  quantities  of  anti- 
body, the  hybridoma  immunoglobulins  will  be  assayed  for  binding  to  bone  mar- 
row cells  from  a  variety  of  patient  disorders  using  immunofluorescence  for 
detection.   Specifically  sought  will  be  high  binding  to  erythroid  compared  to 
myeloid  bone  marrows  and  selective  binding  to  primitive  rather  than  mature 
erythroid  cells  by  morphologic  criteria.   Second,  the  effect  of  these  anti- 
bodies in  combination  on  erythroid  and  myeloid  progenitors  in  culture  will  be 
assayed.   Eventually,  fluorescent  cell  sorting  will  be  used  in  an  attempt  to 
separate  stem  cells  from  total  bone  marrow  using  these  antibodies. 

In  addition,  normal  bone  marrow  cells  and  peripheral  blood  lymphocytes 
will  be  used  as  primary  immunogens.   Peripheral  blood  lymphocytes  will  be  ob- 
tained in  large  number  using  the  automated  cell  separator.   The  peripheral 
blood  lymphocytes  will  be  depleted  of  T  and  B  cells,  leaving  the  less  than  5% 
of  the  total  mononuclear  cells  which  are  known  to  contain  the  stem  cell  com- 
partment.  The  frequency  of  erythroid  progenitors  as  measured  by  the  BFU-E 
assay  in  this  preparation  should  be  1/500-1000  cells.   Also,  bone  marrow  ob- 
tained from  patients  with  dyserythropoietic  anemias  in  which  there  is  a  high 
proportion  of  early  erythroid  cells  will  be  employed  as  immunogen,  anticipa- 
ting that  these  bone  marrow  cells  may  have  an  abnormal  expression  of  early 
stem  cell  antigens. 

Isolation  of  antibodies  to  erythroid  stem  cell  antigens  would  permit 
purification  and  study  of  pure  populations  of  these  cells  in  culture,  specific 
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viral  transformation  of  the  selected  population,  and  assessment  of  interaction 
with  other  well  defined  populations  of  cells,  such  as  T- lymphocytes.   It  is 
also  potentially  useful  in  bone  marrow  transplantation  and  in  the  definition 
of  a  variety  of  anemic  states. 
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The  morbidity  and  mortality  of  atherosclerosis  is  caused  by  local  over- 
growths of  the  intimal  lining  of  arteries.  These  overgrowths  or  "atheromata" 
are  spatially  discrete  and  tend  to  have  a  characteristic  topographic  distri- 
bution in  a  given  species.  Histologically  these  intimal  thickenings  are 
characterized  by  cellular  hyperplasia,  macrophage  infiltration,  connective 
tissue  proliferation,  and  increased  lipid  deposition,  especially  cholesterol 
and  cholesteryl  ester.  Although  the  role  of  the  cellular  proliferation  in 
these  lesions  has  received  considerable  attention  recently,  there  is  no 
evidence  that  proliferative  changes  in  the  absence  of  lipid  deposition  con- 
tribute to  the  morbidity  of  this  disease.  Accordingly,  our  efforts  have 
focused  on  the  events  leading  to  intimal  lipid  deposition  since  this  occur- 
rence appears  to  be  most  closely  correlated  with  the  lethal  consequences  of 
this  disease.  Our  major  activities  have  been  directed  toward  development  of 
1)  topographic  analytic  techniques  for  study  of  the  spatial  patterns  of  the 
disease,  2)  methodology  to  study  the  transport  processes  related  to  intimal 
lipid  deposition,  3)  definition  of  the  nature  and  location  of  the  barriers 
to  transarterial  lipid  transport,  and  4)  further  study  of  the  altered  lipo- 
protein metabolism  associated  with  atherogenesis. 

Topography.  The  topographic  distribution  of  atherosclerosis  is  studied 
from  opened  arterial  specimens  that  have  been  stained  with  Sudan  IV.  Regions 
of  increased  intimal  lipid  deposition  appear  as  sudanophilic  patches  on  the 
opened  arterial  tree.  The  sudanophilic  pattern  that  appears  early  in  the 
disease  is  characterized  as  simple  fatty  streaking;  however,  in  a  matter  of 
months  certain  areas  of  this  pattern  evolve  into  typical  atheromatous  plaques. 
This  is  particularly  true  of  the  coronary  arteries,  lower  abdominal  aorta, 
and  larger  peripheral  arteries  of  primates  and  swine.  The  predictability  of 
these  patterns  at  given  locations  suggests  that  appropriate  statistical 
approaches  using  modern  image  processing  techniques  will  permit  study  of  the 
sequence  of  local  events  leading  to  the  complicated  atheromatous  plaque. 

Therefore  we  have  pursued  development  of  automated  image  processing 
techniques  so  that  we  can  establish  correlations  of  local  structural,  bio- 
chemical, and  mechanical  events  with  the  evolution  of  the  atheroma.  This 
approach  is  made  possible  by  standardized  necropsy  and  formatting  procedures 
that  we  have  developed.  Vessels  are  opened  and  pinned  flat  in  a  standard 
format  on  which  it  is  possible  to  identify  from  10-50  invarient  anatomical 
landmarks  to  be  used  as  fiducial  points.  The  x-y  coordinates  of  each  are 
taken  in  sets  of  three  to  calculate  the  six  coefficients  necessary  for  a 
linear  transformation  of  the  data  contained  within  the  triangle  bounded  by 
the  three  fiducial  points  onto  the  corresponding  triangle  of  a  standardized 
coordinate  system.  The  necessary  scanning  procedures  (using  microdensitometry 
from  photographic  transparencies  or  using  television  from  the  opened  specimens 
at  necropsy)  have  been  worked  out  with  collaborators  from  the  Division  of 
Computer  Research  and  Technology  and  the  Biomedical  and  Instrumentation 
Branch.  The  necessary  image  processing  software  and  statistical  analytic 
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algorithms  have  been  developed  and  checked  with  pilot  studies.  This  inter- 
disciplinary effort  will  represent  a  major  advance  in  our  ability  to  carry 
out  the  indicated  topographic  correlations. 

Transport.  As  described  in  previous  annual  reports,  we  have  demonstrated 
that  the  principal  barrier  to  the  flux  of  plasma  substances  into  the  arterial 
wall  is  the  endothelial  surface.  We  have  demonstrated  that  the  permeability 
and  structural  characteristics  of  the  endothelial  surface  are  exquisitely 
sensitive  to  the  intensity  of  shear  stress  created  by  the  adjacent  blood 
flow  and,  of  even  greater  interest,  that  the  endothelial  surface  appears  to 
compensate  both  structurally  and  functionally  for  altered  stress  patterns 
with  time,  provided  the  stress  is  unidirectional.  In  vivo  study  of  the 
mechanisms  by  which  this  surface  responds  to  changing  directions  of  stress 
has  been  technically  very   difficult.  Accordingly,  we  have  put  considerable 
effort  this  year  into  developing  an  in  vitro  system  in  which  it  is  possible 
to  study  acute  changes  of  endothelial  permeability,  not  only  in  response  to 
changes  in  the  magnitude  but  also  to  changes  in  the  direction  of  the  imposed 
shear  stress.  These  acute  studies  have  been  carried  out  using  the  canine  and 
the  porcine  descending  thoracic  aorta  and  have  provided  data  consistent  with 
prior  in  vivo  work.  Efforts  are  currently  directed  toward  better  metabolic 
support  for  the  tissue  so  that  we  can  examine  responses  over  longer  time 
frames. 

We  have  also  continued  to  study  the  albumin-Evans  blue  dye  (EBD)  ligand 
system  (using  EBD-albumin  and  ^^^I-albumin  simultaneously)  as  a  model  for 
macromolecular  ligand  transport  across  arterial  tissue.  Background  studies 
have  been  described  in  previous  annual  reports.  This  year  we  have  made 
important  advances  in  our  understanding  of  detailed  transvascular  transport 
in  arterial  tissue,  as  well  as  in  the  development  of  new  methodology  for  the 
discrete  measurement  of  concentration  distributions  of  protein  and  ligand 
across  the  arterial  wall.  The  transport  of  albumin  across  the  arterial  wall 
is  governed  by  two  processes,  diffusion  and  convection.  In  the  absence  of  a 
pressure  acting  across  the  wall  and  in  the  absence  of  an  endothelial  surface, 
the  uptake  of  radiolabeled  albumin  was  shown  to  follow  (to  a  first  approx- 
imation) a  "square-root-of-time  law,"  indicating  that  the  wall  was  behaving 
similar  to  a  "homogeneous  slab"  model  for  diffusion.  In  the  presence  of  a 
normal  canine  endothelial  surface,  the  uptake  was  found  to  be  more  linear 
with  time  but  greatly  reduced.  In  a  period  of  one  hour,  from  five  to  ten 
times  less  albumin  enters  the  normal  wall  than  enters  the  "endothelial- 
injured"  wall.  These  data  are  consistent  with  those  mentioned  earlier, 
indicating  that  the  endothelial  surface  acts  as  a  discrete  but  very  large 
barrier  to  the  transport  of  protein  from  the  plasma  phase  to  the  arterial 
phase. 

In  vitro  studies  to  examine  the  role  of  increased  wall  stretch  on  the 
transport  processes  have  shown  that  the  permeability  of  the  endothelial 
surface  is  increased  by  increased  stretch  in  the  absence  of  an  increased 
pressure.  In  contrast  to  this  the  transport  processes  in  the  intimal-medial 
portion  of  the  system  were  shown  to  be  virtually  independent  of  the  degree 
of  wall  stretch. 
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other  studies  this  year,  designed  to  study  the  role  of  increased 
transmural  pressure  on  transport  processes  in  the  canine  and  porcine  aorta, 
showed  that  pressure  itself  can  significantly  increase  the  transport  of 
labeled  proteins  across  the  deendothelialized  intimal-medial  preparation. 
For  example,  a  transmural  pressure  of  '^^100  mmHg  increases  the  uptake  of 
labeled  albumin  by  approximately  twofold. 

A  special  technique  was  devised  whereby  the  separate  influence  of 
diffusion  and  convection  could  be  isolated.  It  was  found  that  in  the  deendo- 
thelialized wall,  convective  transport  was  of  the  same  order  of  magnitude  as 
the  steady-state  diffusive  transport.  Similar  studies  for  the  intact, 
normally  endothel ialized  artery  suggest  that  increased  pressure  increases 
uptake  little,  if  at  all.  These  observations  emphasize  further  the  importance 
of  the  role  played  by  the  endothelial  surface. 

More  information  can  be  obtained  regarding  these  processes  by  studying 
the  discrete  concentration  distribution  of  a  particular  radiolabeled  protein 
across  the  arterial  tissue  under  experimentally  imposed  conditions  of  time, 
concentration,  and  manipulated  physiologic  and  pharmacologic  states.  Until 
now,  technology  for  this  has  been  possible  only  under  very  special  experimental 
circumstances.  We  have  developed  methodology  so  that  these  measurements  can 
be  done  now  in  a  variety  of  in  vitro  and  in  vivo  experimental  configurations 
and  with  a  high  degree  of  spatial  resolution.  To  do  this,  quantitative  auto- 
radiographic techniques  were  developed  in  which  the  local  concentration  of 
silver  in  the  developed  autoradiograph  is  measured  by  scanning  across  the 
micrograph  with  an  electron  microprobe  or  microdensitometer.  These  experi- 
ments demonstrated  that  the  relationship  between  the  concentration  of 
radiolabeled  protein  at  any  point  in  the  wall  is  directly  proportional  to  the 
adjacent  developed  silver  in  the  microautoradiograph.  The  initial  application 
of  this  new  methodology  has  been  to  determine  the  distribution  of  radiolabeled 
albumin  across  deendothelialized  aortic  and  iliac  arterial  walls  in  the 
transient  and  in  the  quasi  steady  state.  The  results  of  these  studies  have 
shown  that  the  partition  coefficient  for  radiolabeled  albumin  is  nominally 
constant  across  the  arterial  wall  (0.1-0.2)  and  that  the  coefficient  of 
diffusion  for  albumin  in  arterial  tissue  is  about  10"^  cm^  sec"^  but  tends 
to  vary  somewhat  across  the  wall  in  relation  to  various  histologic  structures. 
When  a  transmural  pressure  of  '^^100  mmHg  is  imposed  on  the  system,  the  result- 
ing concentration  distribution  differs  significantly  in  shape  and  in  magnitude 
from  that  of  simple  diffusion.  The  most  noteable  difference  is  the  develop- 
ment of  local  tissue  concentrations  in  excess  of  the  diffusion  equilibrium 
concentration  indicating  signficant  macromolecular  "sieving"  by  the  tissue 
matrix.  The  significance  of  these  studies  is  twofold:  This  new  methodology 
provides  an  experimental  tool  that  should  be  applicable  to  many  other  types 
of  tissue  systems  for  measurement  of  radiolabeled  protein  distributions  of 
interest.  Second,  we  can  begin  to  study  the  parameters  of  macromolecular 
transport  across  the  arterial  wall  in  sufficient  detail  that,  for  the  first 
time,  it  should  become  possible  to  model  these  processes  by  physical  and 
mathematical  laws.  This  should  permit  inferences  regarding  detailed  distri- 
butions of  various  macromolecules,  such  as  atherogenic  precursors,  across 
the  arterial  wall  from  relatively  simple  measurements  of  uptake.  Finally, 
since  this  methodology  provides  access  to  detailed  events  within  the  wall,  it 
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opens  the  way  to  study  of  the  ancillary  metabolic  events  such  as  binding  and 
efferent  transport  of  cholesterol-rich  metabolites  out  of  the  wall.  Thus  we 
have  made  significant  progress  toward  developing  the  experimental  and 
conceptual  tools  necessary  for  further  definition  of  the  nature  of  the 
unbalanced  set  of  transport  and  metabolic  processes  associated  with  the 
intimal  lipid  deposition  of  atherosclerosis. 

Lipoprotein  and  arterial  metabolism.  Studies  have  continued  on  dietary- 
induced  atherosclerosis  in  dogs,  miniature  swine,  and  Patas  monkeys.  As 
reviewed  in  previous  reports,  the  plasma  lipoprotein  patterns  in  these  studies 
characteristically  show  an  elevated  LDL,  BVLDL,  and  HDLq.  The  increased 
levels  of  these  proteins  correlates  with  the  rapidly  developing  appearance 
of  atherosclerosis  in  these  animals.  Efforts  this  year  have  been  directed 
toward  determining  whether  any  of  the  above  lipoproteins  are  the  direct 
result  of  chylomicron  metabolism  since  their  elevation  appears  to  be 
dietarily  induced. 

Radioactive  retinol-  and  cholesterol-labeled  chylomicrons  were  obtained 
in  donor  animals  from  surgically  constructed  thoracic  lymph  duct  fistulas. 
The  labeled  chylomicrons  were  injected  intravenously  into  both  normal  and 
hypercholesterolemic  recipients.  It  was  found  that  the  intravenously- 
administered  labeled  chylomicrons  were  rapidly  (Ti,  =  10  min)  cleared  from 
the  plasma  compartment  and  that  most  of  the  adminfstered  radioactivity 
quickly  appeared  in  the  liver  in  both  the  normal  and  the  hypercholesterolemic 
recipients.  The  failure  of  significant  radioactivity  to  accumulate  in  the 
plasma  and  the  rapid  appearance  of  the  radioactivity  in  the  liver  indicated 
that  the  labeled  chylomicron  remnants  were  not  sequestered  in  the  plasma 
compartment  nor  did  they  equilibrate  with  any  of  the  other  plasma  pools 
of  cholesterol  (LDL,  BVLDL,  or  HOL^)  prior  to  hepatic  uptake.  Accordingly, 
the  hypercholesterolemia  in  dogs  is  not  the  result  of  chylomicron  remnant 
accumulation  in  the  plasma.  The  cholesterol-rich  lipoproteins  (BVLDL  and 
LDL)  are  of  hepatic  origin  and  are  not  chylomicron  remnants.  In  an  effort 
to  characterize  this  remarkably  rapid  removal  of  chylomicron  remnants  by  the 
liver,  chylomicrons  will  be  injected  into  hepatectomized  animals  so  that  we 
may  better  observe  the  accumulation  of  the  remnants.  The  plasma  lipoproteins 
from  these  animals  will  be  characterized  and  the  labeled  remnants  isolated. 
These  will  then  be  reinjected  into  normal  and  hypercholesterolemic  recipients 
to  see  if  these  are  rapidly  removed  by  the  liver  in  accordance  with  the  above 
observations  and,  if  so,  to  evaluate  their  ability  to  compete  with  other 
lipoproteins  for  the  hepatic  remnant  "receptor."  These  studies  should 
provide  new  information  regarding  the  sequence  of  events  set  in  motion  by 
cholesterol  ingestion  and  which  result  finally  in  the  appearance  of  those 
lipoproteins  associated  with  accelerated  atherogenesis. 

Concluding  Comment 

We  have  made  important  advances  in  our  understanding  of  dietary  hyper- 
lipoproteinemia. It  appears  that  the  "atherogenic  lipoproteins"  are  not 
direct  metabolites  of  intestinal  chylomicrons,  at  least  in  the  dog.  We  have 
acquired  new  insights  into  the  processes  associated  with  macromolecular 
transport  in  the  arterial  wall.  The  nature  of  these  processes  varies 
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significantly  depending  upon  the  competence  of  the  endothelial  surface  and 
the  presence  or  absence  of  a  transmural  pressure.  We  have  also  developed 
new  technology  bringing  us  closer  to  our  goal  of  studying  the  local  physical 
and  biochemical  processes  associated  with  atherogenesis  in  the  living  tissue 
system. 
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PROJECT  DESCRIPTION 

Objective:  To  determine  the  suitability  of  a  variety  of  animals  as  models  for 
studying  human  atherosclerosis. 

Methods:  The  animal  models  which  have  been  studied  in  varying  detail  are 
Patas  monkeys,  miniature  swine,  dogs,  rabbits,  and  rats.  The  experimental 
conditions  under  which  the  pathologic  processes  in  these  animals  can  be  made 
to  resemble  those  in  man  have  been  detailed  in  previous  project  reports. 
Briefly,  the  disease  can  be  induced  in  rabbits,  swine,  and  monkeys  by  feeding 
diets  high  in  cholesterol  and  fat  (lard,  beef  tallow),  whereas  the  disease 
can  be  induced  in  dogs  and  rats  to  a  comparable  extent  only  if  hypothyroidism 
is  also  induced.  In  dogs,  the  dietary  fats  have  included  cottonseed  oil, 
pork  lard,  beef  tallow,  safflower  oil,  and  peanut  oil. 

Blood  chemistries,  including  detailed  lipoprotein  studies,  are  monitored 
during  the  experimental  period.  Detailed  lipid  analyses  of  the  platelets 
and  erythrocytes  from  the  animals  on  various  diets  are  done  by  standard 
procedures.  At  termination  each  animal  is  examined  in  detail  using  the 
standardized  necropsy  procedures  described  previously.  Topographic  distri- 
bution and  histologic  characteristics  of  aortic,  coronary,  and  peripheral 
arteries  are  compared  to  those  of  human  atherosclerosis.  The  comparative 
human  material  is  derived  from  young  adults  dying  traumatic  deaths,  un- 
selected  hospital  cases,  and  patients  with  documented  types  of  hyperlipo- 
proteinemia. A  computerized  coordinate  system  for  plotting  the  topographic 
distribution  of  the  atherosclerotic  lesions  has  been  developed. 

Major  Findings:  The  animal  colony  studies  in  progress  for  several  years 
continue  to  provide  the  basis  for  our  understanding  of  several  key  questions 
in  the  field  of  lipoprotein  metabolism  and  atherosclerosis.  One  of  the 
strengths  of  our  program  has  been  the  ability  to  compare  the  response  of 
atherosclerosis-resistant  (dog  and  rat)  species  with  susceptible  (swine  and 
monkey)  species  and  to  relate  these  findings  to  human  disease.  The  approach 
has  provided  fundamental,  basic  information  in  several  areas  as  follows: 

1)  Lipoprotein  Metabolism.  Certain  consistent  features  of  cholesterol-induced 
hyperlipoproteinemia  in  the  various  species  have  been  described  including 
the  occurrence  of  a  previously  unrecognized  class  of  plasma  lipoproteins. 
The  detailed  understanding  of  the  types  of  changes  induced  by  cholesterol 
feeding  in  the  animals  (dogs,  swine,  rats,  rabbits,  and  monkeys)  has 
provided  a  background  for  studying  the  changes  which  occur  with  cholesterol 
feeding  in  man.  A  fundamental  observation  which  is  being  actively  studied 
in  our  laboratory  is  that  the  consumption  of  a  cholesterol-rich  diet  by  man, 
with  or  without  an  elevation  of  plasma  cholesterol  alters  the  plasma  lipo- 
proteins in  ways  which  resemble  the  changes  observed  in  the  lower  species. 
In  the  animal  studies  such  changes  are  associated  with  accelerated  athero- 
sclerosis. 
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2)  Regulation  of  Cholesterol  Metabolism  in  Arterial  Smooth  Muscle  Cells  and 
Fibroblasts  by  Plasma  Lipoproteins.  A  recent  contribution  of  our  laboratory, 
which  was  provided  by  the  uniqueness  of  the  cholesterol-induced  lipoproteins 
of  dogs  and  swine,  has  been  the  identification  of  the  determinants  responsible 
for  lipoprotein  binding  to  specific  cell  surface  receptors.  It  is  now 
established  that  the  protein  moieties  of  the  lipoproteins  are  responsible  for 
specific  binding,  that  the  B  and  arginine-rich  (E)  apoproteins  are  responsible 
for  the  receptor  binding,  and  that  arginyl  residues  of  the  proteins  are 
functionally  important  in  the  lipoprotein  recognition  site.  In  addition,  the 
regulation  of  the  rate  and  extent  of  intracellular  deposition  of  cholesteryl 
esters  by  arterial  cells  appears  to  be  controlled  by  the  type  of  lipoprotein 
which  interacts  with  the  receptor. 

3)  Role  of  Dietary  Fat  in  Determining  the  Severity  of  Atherosclerosis  and  the 
Associated  Complications  of  Thromboatherosclerosis.  Dogs  fed  high-cholesterol 
diets  containing  either  saturated  or  unsaturated  fats  develop  two  type  of 
atherosclerosis,  different  in  both  distribution  and  severity.  Diets  contain- 
ing saturated  fat  cause  more  severe  atherosclerosis  and  a  significant  increase 
in  the  occurrence  of  thrombosis  and  the  complications  of  thromboatherosclerosis 
(visceral  organ  infarction).  Thromboatherosclerosis  in  dogs  (and  more  recently 
in  swine)  on  a  high  saturated  fat-cholesterol  diet  has  been  correlated  with 
platelet  hypersensitivity  to  aggregation  and  release.  These  models  provide 
for  the  first  time  an  experimental  approach  by  which  to  determine  whether  the 
role  of  the  platelet  in  atherosclerosis  is  primary  or  secondary.  Lipid 
analyses  have  revealed  significant  changes  in  the  fatty  acid  composition  of 
the  platelets  depending  upon  the  type  of  diet.  In  addition,  these  well- 
characterized  models  provide  the  opportunity  to  determine  experimentally  the 
factors  which  alter  the  course  of  the  disease  process.  The  animal  models 
provide  the  only  approach  to  many  of  the  questions  which  need  to  be  explored 

if  we  are  to  understand  the  role  of  diet,  trace  elements  and  vitamins,  plasma 
lipoprotein  levels,  and  hemostatic  function  in  the  pathogenesis  of  athero- 
sclerosis. Many  of  the  advances  we  have  made  relate  directly  to  observations 
made  first  in  the  animals  and  then  extended  to  man. 

Significance:  The  "atherosclerotic  process"  is,  in  fact,  an  ensemble  of 
processes  occurring  at  the  cellular,  physicochemical ,  biochemical,  and 
biophysical  level  in  the  arterial  intima.  The  purpose  of  this  program  is 
to  identify  as  many  of  these  fundamental  processes  as  possible,  establish 
which  are  relevant  to  the  disease  process  in  man,  and  study  these  in  great 
detail  in  the  animal  model,  wherein  the  pertinent  variables  can  be  measured 
or  controlled  with  a  rigor  not  possible  in  man. 

A  clear  definition  of  the  role  of  diet  in  the  development  of  atherosclerosis 
in  man  is  of  utmost  importance. 

Proposed  Course:  The  pursuit  of  the  above  objectives  will  continue  with  our 
NIH  collaboration. 
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PROJECT  DESCRIPTION 

Objective:  To  develop  standardized  necropsy  and  formating  procedures  to  study 
topographic  correlations  in  experimental  atherosclerosis.  j 

Methods:  A  systematized  necropsy  procedure  and  standardized  format  was 
developed  for  arranging  and  fastening  the  opened  arterial  tree  to  reflective 
panels  for  optical  scanning  and  analysis.  This  standardized  format  makes 
possible  quantitative  analysis  of  the  topographic  distribution  of  intimal 
Evans  blue  dye  accumulation  (a  measure  of  the  permeability  of  the  wall  to 
plasma  substances)  and  of  intimal  lipid  deposition  along  the  arterial  tree 
of  experimental  animals.  This  standardized  format  may  be  expressed  in  a 
normalized  coordinate  system  for  automatic  optical  scanning  and  computer 
pattern  analysis  or  may  be  used  directly  for  comparative  visual  analysis. 
This  format  permits  careful,  detailed  comparisons  of  areas  of  increased 
arterial  wall  permeability  with  areas  of  intimal  lipid  deposition  at 
identical  sites  from  animal  to  animal. 

Major  Findings:  Application  of  these  techniques  to  a  recently  completed  study 
in  experimental  atherosclerosis  1n  swine  demonstrated  that  the  disease  pattern 
occurs  with  an  extraordinary  congruency  from  animal  to  animal.  It  was  also 
shown  that  the  patterns  of  increased  endothelial  permeability  in  normal 
animals  are  very  similar  to  the  patterns  of  intimal  lipid  deposition  that 
were  characterized  by  very   high  permeability  in  normal  animals,  a  character- 
istic atheromatous  lesion  occurred  which,  under  the  above  standardized 
necropsy  procedures,  appeared  as  a  tri-colored  lesion.  These  lesions  were 
characterized  by  relatively  normal  surrounding  intimal  surface  (white),  a 
highly  permeable  (blue)  center  bordered  by  an  annular  but  otherwise  typical 
atheromatous  plaque  (red).  With  time,  these  lesions  were  shown  to  form 
mature  atheromatous  plaques  in  the  abdominal  aorta;  however,  in  the  thoracic 
aorta  and  subclavian  artery  these  appear  to  mature  more  slowly. 

Significance:  The  extraordinary  congruency  of  the  disease  patterns  from 
animal  to  animal  in  a  given  species,  as  well  as  to  the  patterns  of  perme- 
ability in  the  normal  animal  of  that  species,  represents  a  major  finding  of 
fundamental  importance  not  only  in  linking  the  role  of  increased  permeability 
to  the  subsequent  development  of  this  disease  but  also  in  permitting  one  to 
develop  new  strategies  in  experimental  design  to  gain  deeper  insight  into  the 
associated  atherogenic  processes.  The  predictability  of  this  process  at 
given  locations  permits  one  to  design  studies  to  follow  the  sequence  of  events 
leading  from  the  "earliest  lesion"  on  through  the  complicated  lethal  athero- 
matous plaque.  This  capability  was  heretofore  unavailable  for  lack  of  a 
standardized  quantitative  approach  to  the  analyses  of  the  disease  topography 
and  permeability  topography.  Moreover,  the  occurrence  of  the  tricolor  lesion 
provides  the  opportunity  to  study  an  apparent  spectrum  of  atherogenic 
processes  in  a  very  discrete  anatomical  region. 

This  methodology  will  make  possible  an  approach  to  a  number  of  fundamental 
questions:  Why  do  some  regions  of  moderate  endothelial  permeability  progress 
only  to  the  fatty  streak  lesions  whereas  others  go  on  to  mature  atherosclerotic 
lesions?  Why  do  certain  local  regions  of  extraordinarily  high  permeability 
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appear  to  be  relatively  immune  to  lipid  deposition?  What  is  the  sequence  of 
events  leading  from  a  fatty  streak  to  a  lethal  atheromatous  plaque?  How  are 
the  patterns  of  streaking  and  plaquing  influenced  by  hemodynamic  alterations, 
hematologic  manipulations,  dietary  triglycerides,  and  exercise? 

Proposed  Course:  The  progress  of  this  large  project  has  been  slowed  by 
several  unanticipated  problems  related  to  the  large  data  processing  problems 
posed  by  this  objective.  Analysis  has  involved  relatively  detailed  and 
sophisticated  computer  data  processing  techniques.  We  have  finished  the 
necessary  pilot  studies  to  establish  the  methodological  and  computational 
concepts.  These  are  now  being  implemented  with  the  necessary  image  capture 
and  processing  hardware  and  software.  Initial  applications  will  be  to  assess 
the  influence  of  a  variety  of  dietary  and  other  factors  on  the  evolution  of 
this  important  disease  process. 
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ship to  atherosclerosis.  Jjn  Quantitative  Cardiovascular  Studies.  Clinical 
and  Research  Applications  of  Engineering  Principles,  edited  by  N.H.C. 
Hwang,  D.R.  Gross,  D.J.  Patel .  University  Park  Press.  Baltimore,  pp.  233- 
237,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Thoracic  duct  lymph  chylomicrons,  doubly  labeled  in  vivo  with  [l-^H^retinol 
and  [4-^^C]cholesterol  were  administered  intravenously  to  both  normal  and 
hypercholesterolemic  foxhounds  to  determine  to  what  extent  cholesteryl  ester 
rich  chylomicron  remnants  contribute  to  the  dietary-induced  hyperchol esterol emi a 
in  these  animals.  The  rapid  removal  of  chylomicrons  from  the  circulation  and 
the  subsequent  recovery  of  the  radioactivity  in  the  livers  of  these  animals 
indicated  that  none  of  the  large  plasma  pools  of  cholesterol  (B-VLDL,  LDL,  or 
HDLc)  represented  chylomicron  remnants  accumulating  in  the  plasma. 
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PROJECT  DESCRIPTION 

Objective:  To  estimate  the  contribution  of  cholesteryl  ester  rich  lipoproteins 
of  intestinal  origin  (chylomicrons  and  chylomicron  remnants)  to  the  dietary- 
induced  hypercholesterolemia  in  foxhounds  and  identify  lipoprotein  families 
(B-VLDL  or  HDl^,  for  example)  that  might  represent  chylomicron  remnants. 

Methods:  Chylomicrons  labeled  in  the  lipid  moiety  with  [l-^H^retinol , 
[4- I'+CJcholesterol  ,  and/or  [9,10- ^H]oleic  acid  were  obtained  from  donor 
foxhounds  in  whom  thoracic  lymph  duct  fistulas  had  been  created  surgically. 
The  labeled  chylomicrons  were  injected  intravenously  into  both  normal  and 
hypercholesterolemic  recipients  and  their  removal  from  the  plasma  and  uptake 
by  the  liver  was  followed  for  several  hours. 

[l-3H]retinol  was  chosen  as  a  label  because  it  has  been  shown  by  others  to 
be  esterified  and  incorporated  into  the  lipid  core  of  the  chylomicron  in  the 
intestine  and  to  remain  with  the  chylomicron  remnant  after  triglyceride 
removal  in  the  periphery.  Chylomicron  remnants  are  normally  rapidly  removed 
from  the  circulation  by  the  liver  and  the  retinyl  esters  are  either  stored 
in  the  liver  or  returned  to  the  circulation  as  free  (nonesterified)  retinol 
bound  to  a  high  density  protein.  Thus  retinyl -ester  labeled  lipoproteins 
present  in  the  plasma  are  presumed  to  be  of  intestinal  origin. 

Retinol  is  preferable  to  cholesterol  as  a  chylomicron  label  because  it  is 
thought  not  to  be  recirculated  by  the  liver  in  lipoproteins;  and  the  plasma 
exchange  of  retinyl  esters  among  the  lipoproteins  is  very  low,  which  is  not 
the  case  for  cholesteryl  esters. 

Major  Findings:  Retinol-  and  cholesterol-labeled  chylomicrons  administered 
intravenously  were  rapidly  cleared  from  the  plasma  compartment  and  the 
radioactivity  subsequently  appeared  in  the  livers  of  both  normal  and  hyper- 
cholesterolemic recipients.  The  failure  of  significant  radioactivity  to 
accumulate  in  the  plasma  and  the  rate  at  which  the  radioactivity  appeared 
in  the  liver  indicated  that  the  labeled  chylomicron  remnants  did  not 
equilibrate  with  any  large  plasma  pools  of  cholesterol  (LDL,  B-VLDL,  or  HDLc) 
prior  to  hepatic  uptake. 

Significant  quantities  of  the  retinol  label  (10-15%)  were  detected  in  the  low 
density  lipoproteins  of  both  normal  and  hypercholesterolemic  dogs  after  the 
intravenous  administration  of  Sf>400  chylomicrons.  This  observation  is 
contrary  to  previously  published  schemes  for  retinol  metabolism  and  indicates 
that  some  chylomicrons  are  catabolized  to  LDL  in  the  periphery,  or  that  the 
liver  recirculates  retinyl  esters  in  LDL. 

Significance:  It  is  agreed  by  most  that  the  hypercholesterolemia  produced 
in  foxhounds  is  the  result  of  dietary  overloading,  i.e.,  the  cholesterol 
input  from  absorption  exceeds  the  animal's  capability  to  excrete  cholesterol. 
The  resulting  imbalance  is  probably  temporary,  and  a  new  steady  state  is 
eventually  reached.  It  is  not  known  whether  the  hypercholesterolemia 
results  from  the  accumulation  of  dietary  particles  in  the  plasma  compartment 
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because  of  a  saturated  liver  clearance  mechanism  or  whether  newly  absorbed 
cholesterol  is  cleared  from  the  plasma  by  the  liver  and  recirculated  in 
lipoproteins  of  hepatic  origin.  Our  data  indicate  that  the  hypercholesterol- 
emia in  dogs  is  not  the  result  of  chylomicron  remnants  accumulating  in  the 
plasma  and  suggest  that  the  cholesteryl  ester  rich  lipoproteins  (B-VLDL  and 
LDL)  are  of  hepatic  origin. 

Proposed  Course:  Chylomicron  remnants  are  currently  being  produced  in  vivo 
by  administering  doubly  labeled  Sf>400  chylomicrons  to  hepatectomized  dogs. 
The  remnants  so  obtained  will  be  completely  characterized  and  then  reinjected 
into  normal  and  hypercholesterolemic  recipients  to  a)  evaluate  their  ability 
to  compete  with  other  lipoproteins  for  the  hepatic  receptor,  and  b)  try  to 
determine  which  component  (e.g.,  which  apoprotein)  is  responsible  for 
recognition  by  the  remnant  receptor. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Microscopic  observation  of  atherosclerotic  lesions  reveals  that  both  focal 
extracellular  and  selective  intracellular  lipid  deposition  occur.  While 
some  smooth  muscle  cells  within  atherosclerotic  lesions  contain  substantial 
lipid,  others  are  essentially  lipid  free.  The  reasons  for  the  focal  nature 
of  extracellular  lipid  deposition  and  restricted  accumulation  of  lipid  by 
certain  cells  is  not  known.  This  project  will  assess  the  importance  of 
cell  injury  and  cell  proliferation  as  localizing  factors  in  the  focal 
deposition  of  cholesterol  within  atherosclerotic  lesions. 
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PROJECT  DESCRIPTION 

Objective:  To  investigate  the  role  of  cellular  factors  such  as  cell 
proliferation  and  cell  injury  in  contributing  to  cholesterol  deposition  within 
atherosclerotic  lesions. 

Methods:  Microhistochemical  techniques  including  specific  localization  of 
cholesterol  using  the  fluorescent  probe  filipin  will  be  carried  out  on 
atheromatous  vascular  tissue.  Techniques  to  detect  cycling  the  injured  cells 
will  be  developed.  Use  of  cultured  vascular  cells  will  complement  tissue 
studies. 

Significance:  An  understanding  of  cellular  factors  which  contribute  to  focal 
vascular  cholesterol  deposition  may  suggest  future  strategies  for  inter- 
vention in  this  pathologic  process. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  now  recognized  that  endothelial  cell  injury  is  an  important  initiating 
event  in  atherogenesis.  Endothelial  injury  and  desquamation  may  be  induced 
by  either  physical  (e.g. ,  hemodynamic  injury)  or  biochemical  induced  injury 
(e.g.,  hypercholesterolemia,  endotoxemia,  or  homocysteinemia) . 

A  project  will  be  initiated  to  assess  the  potential  of  u<;ing  flow  cytometry 
(allows  rapid  measurement  of  fluorescence  of  stained  single  cells  flowing 
in  suspension)  to  quantify  circulating  endothelial  cells  as  an  index  of 
vascular  injury.  Additionally,  flow  cytometry  will  be  evaluated  as  a  means 
of  analyzing  cell  suspensions  prepared  from  atheromatous  lesions. 
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PROJECT  DESCRIPTION 

Objective:  To  assess  the  potential  of  flow  cytometry  as  a  research  tool  in 
atherosclerosis  research. 

Methods:  A  fluorescence-activated  cell  sorter  will  be  used  to  quantify 
selectively  stained  endothelial  cells  in  peripheral  blood  samples  from 
animals  fed  hypercholesterolemic  diets.  In  addition,  the  feasibility  of 
preparing  single  cell  suspensions  from  atheromatous  lesions  for  flow 
cytometric  analysis  will  be  determined. 

Significance:  The  ability  to  quantify  desquamated  circulating  endothelial 
cells  in  peripheral  blood  may  provide  a  noninvasive  measure  of  in  vivo 
vascular  injury.  More  generally,  flow  cytometry  may  provide  a  new  research 
tool  useful  in  atherosclerosis  research. 
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HYPERTENSION- ENDOCRINE  BRANCH 
NATIONAL  HEART,  LUNG,  AND  BLOOD  INSTITUTE 
October  1,  1979  through  September  30,  1980 
Section  on  Experimental  Therapeutics 

The  work  of  the  Hypertension-Endocrine  Branch  has  included  studies  of 
several  of  the  major  vasoactive  systems:   i.e.,  1)  renin-angiotensin- 
aldosterone,  2)  sympathetic  nervous  system  -  catecholamines,  and  3)  kallikrein- 
kinin  system.   These  studies  were  undertaken  to  delineate  the  pathogenesis 
of  hypertension  and  to  develop  better  forms  of  therapy  for  this  disease. 

A  mother  and  her  daughter  with  dexamethasone-suppressible  aldosteronism 
were  studied  to  help  characterize  this  rare  disorder  that  consists  of  hyper- 
tension, hyporeninemia  and  dexamethasone-suppressible  aldosteronism.    It  is 
known  that  the  disorder  is  familial  with  an  autosomal  dominant  mode  of  inheri- 
tance which  is  not  HLA  linked.   It  is  also  known  that  treatment  with  dexa- 
methasone  corrects  the  aldosteronism  and  hypertension  and  restores  the 
responsiveness  of  the  renin-angiotensin  system  while  treatment  with  adreno- 
corticotrophin  (ACTH)  produces  a  sustained  increase  in  aldosterone  production 
and  blood  pressure.   But  the  cause  of  the  ACTH-dependence  of  aldosterone 
production  is  uncertain.   In  the  mother,  dexamethasone  treatment  gave  improve- 
ment by  suppression  of  aldosterone  while  during  spironolactone  therapy  or 
during  pregnancy  improvement  was  produced  by  antagonism  of  aldosterone. 
During  the  administration  of  ACTH,  treatment  with  aminoglutethimide  markedly 
decreased  aldosterone  but  did  not  affect  plasma  Cortisol  or  urinary  17-hydroxy- 
corticosteroids.   The  decrease  in  aldosterone  was  associated  with  an  increase 
in  serum  K  and  a  fall  in  blood  pressure.   Thus  the  responses  to  spirono- 
lactone, to  pregnancy  and  to  aminoglutethimide  demonstrate  the  important  role 
of  sodium-retaining  steroids  from  the  zona  glomerulosa,  such  as  aldosterone, 
as  mediators  of  the  hypertension.   Treatment  of  mother  and  daughter  with  ACTH 
produced  a  marked  and  sustained  increase  in  aldosterone  with  a  further  in- 
crease in  blood  pressure.   This  observation  that  ACTH  can  further  stimulate 
the  overproduction  of  aldosterone  that  has  been  shown  to  be  suppressible  by 
dexamethasone  indicates  that  ACTH  is  responsible  for  this  overproduction  and 
implies  that  conversion  of  deoxycorticosterone  to  aldosterone  is  also  sus- 
tained and  that  the  usual  ACTH-induced  decrease  in  11-hydroxylation  and  18- 
hydroxylation  in  zona  glomerulosa  cells  does  not  occur.   The  mechanism  by 
which  ACTH  normally  inhibits  these  mitochondrial  enzymes  in  zona  glomerulosa 
cells  and  the  reason  that  such  an  inhibition  does  not  occur  in  dexamethasone- 
suppressible  aldosteronism  remain  to  be  determined. 

For  several  years  there  have  been  reports  of  renin-like  activity  (RLA) 
in  blood  vessels.   However,  these  reports  have  been  plagued  by  low  levels  of 
RLA  and  the  presence  of  nonspecific  acid  proteases  (NAP) .   We  undertook  an 
extensive  study  of  the  methodology  and  found  that  a  mixture  of  EDTA,  neomycin, 
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and  phenylmethylsulfonyl  fluoride  was  needed  to  protect  the  RLA  and  the  angio-   I 
tensin  I  produced  in  the  incubation  from  proteolytic  digestion.   In  addition 
since  nonspecific  proteases  such  as  the  cathepsins  can  produce  angiotensin  I- 
immuno reactive  material  from  renin  substrate  we  had  to  completely  separate 
the  RLA  from  the  NAP.   This  was  accomplished  by  chromatography  over  a  column    I 
of  bovine  hemoglobin  coupled  to  Sepharose-4B.   When  sodium  depleted  rats  were    : 
studied  before  nephrectomy  and  at  two  hours  and  24  hours  post-nephrectomy,      | 
the  partially  purified  vascular  RLA  fell  in  parallel  with  the  PRA.   In  animals  ' 
studied  24  hours  after  bilateral  nephrectomy  and  15  hours  after  hemorrhage  the 
vascular  RLA  was  increased  over  that  of  controls  which  were  nephrectomized  and 
not  hemorrhaged.   Thus  with  our  new  method  we  could  completely  separate  RLA  from 
NAP  and  show  two  things:   1)  After  nephrectomy  alone,  the  parallel  fall  of 
RLA  and  PRA  suggests  that  RLA  may  arise  from  the  plasma.   2)  The  marked  increase 
in  RLA  after  hemorrhage  indicates  that  vascular  RLA  can  be  independent  of 
PRA.   These  findings  are  of  more  than  passing  interest  since  they  may  suggest 
a  site  of  action  for  angiotensin-converting  enzyme  inhibitors  such  as  capto- 
pril  which  is  a  potent  anti-hypertensive  drug  the  action  of  which  cannot  be 
explained  by  other  mechanisms. 

Patients  with  Bartter's  syndrome  are  resistant  to  the  pressor  effects 
of  angiotensin  II  and  norepinephrine.   This  increase  in  resistance  to  vaso- 
constrictors is  associated  with  an  overproduction  of  prostaglandins  and  is 
corrected  by  treatment  with  a  prostaglandin  synthetase  inhibitor.   We  have 
studied  7  patients  with  Bartter's  syndrome  and  have  shown  that  the  increase 
in  pressor  resistance  to  norepinephrine  is  associated  with  an  increased  ex- 
cretion of  norepinephrine  in  the  urine  and  normal  levels  of  epinephrine, 
metanephrine  and  VMA.   Treatment  with  indomethacin  decreased  significantly 
the  urinary  excretion  of  norepinephrine,  metanephrine  and  VMA.   These  results 
indicate  that  the  increased  rate  of  excretion  of  norepinephrine  is  associated 
with  a  normal  rate  of  excretion  of  metabolites  and  is  not  due  to  a  subnormal 
rate  of  metabolism  of  norepinephrine.   The  data  suggest  that  the  vascular 
resistance  to  norepinephrine  is  due  to  a  prostaglandin  dependent  increase  in 
sympathetic  nerve  activity. 

It  is  often  said  that  stress  can  raise  blood  pressure.   Yet  there  is  very 
little  evidence  to  support  this  statement.   We  therefore  decided  to  study 
cardiovascular,  biochemical  and  psychological  responses  to  a  common  form  of 
stress,  i.e.,  wisdom  tooth  extractions  in  young  adults.   We  measured  heart 
rate,  blood  pressure,  cardiac  output,  plasma  norepinephrine,  epinephrine, 
growth  hormone,  Cortisol,  cholesterol,  triglyceride,  lipoprotein,  pain  and 
anxiety  before,  during,  and  after  each  of  two  sets  of  wisdom  tooth  extractions. 
Subjects  were  randomly  assigned  to  receive  either,  neither,  or  both  intravenous 
Valium  or  epinephrine  in  the  local  anesthetic.   We  have  now  studied  15  subjects 
and  our  preliminary  findings  are:   1)  Epinephrine  in  the  local  anesthetic 
increases  plasma  epinephrine  levels  five-  to  six-fold,  without  obvious  associa- 
ted increases  in  heart  rate  or  systolic  pressure,  2)  Valium  sedation  attenuates 
the  norepinephrine  response  to  the  surgery,  again  without  obvious  associated 
attenuation  of  heart  rate  or  blood  pressure  responses,  3)  Norepinephrine  and 
epinephrine  both  increase  with  dental  surgery,  as  do  heart  rate,  systolic       | 
pressure  and  cardiac  output,  and  4)  Lipids  and  lipoproteins  do  not  change  with 
dental  surgery.   These  data  clearly  show  that  blood  pressure  does  increase 
with  acute  stress  apparently  due  to  an  increase  in  sympathetic  nervous  system 
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activity.   We  will  next  compare  these  results  with  the  effects  of  stress  in 
patients  with  essential  hypertension. 

The  baroreflex  is  the  most  powerful,  rapidly  acting  circulatory  homeo- 
static  reflex.   There  has  been  debate  about  whether  an  abnormality  in  the 
reflex  characterizes  patients  with  essential  hypertension.   The  discrepancies 
in  previous  studies  appear  to  have  been  related  to  the  different  techniques 
used  to  measure  baroreflex  sensitivity.   We  have  measured  baroreflex  sensitivity 
via  three  different  techniques,  i.e.:   1)  Blood  pressure  and  heart  rate 
responses  during  and  after  release  of  the  Valsalva  maneuver,  2)  Blood 
pressure  and  heart  rate  responses  to  sudden  changes  in  external  neck  pressure, 
and  3)  Heart  rate  responses  to  intravenous  injections  of  vasoconstrictors 
and  vasodilators.   We  have  completed  studies  in  only  five  patients  and  our 
preliminary  data  suggest  the  following:   1)  Baroreflex  sensitivity  varies 
inversely  with  blood  pressure,  2)  Baroreflex  sensitivity  is  decreased  in  both 
essential  and  secondary  hypertension,  and  3)  The  various  techniques  for 
measuring  baroreflex  sensitivity  agree  with  one  another.   These  findings 
would  suggest  that  the  baroreflex  sensitivity  changes  occurring  in  patients 
with  essential  hypertension  are  the  result  of,  and  not  a  cause  of,  their 
hypertension. 

We  have  developed  a  sensitive  and  specific  assay  for  norepinephrine  and 
epinephrine  in  human  plasma.   The  assay  uses  a  separation  with  alumina  and 
then  high  pressure  liquid  chromatography  with  electrochemical  detection.   The 
method  is  sensitive  to  10  picograms  of  either  catecholamine  and  yields  results 
which  are  in  close  agreement  with  those  of  standard  radioenzymatic  methods. 
The  new  method  is  much  faster  and  less  expensive  than  previous  methods.   We 
are  currently  making  use  of  this  method  in  our  studies  of  the  role  of  the 
sympathetic  nervous  system  and  catecholamines  in  hypertension.   We  have  also 
developed  a  technique  for  measuring  local  cerebral  glucose  metabolism  using 
2-deoxyglucose  in  response  to  electrical  stimulation  of  the  carotid  sinus 
nerve  in  conscious  cats.   This  would  allow  us  to  map  the  central  neural  path- 
ways mediating  the  baroreflex.   However  we  are  temporarily  at  a  standstill  due 
to  apparent  injury  to  the  nerve  at  the  time  of  surgery.   We  are  currently 
attempting  a  number  of  remedies  to  this  problem. 

The  kallikrein-kinin  system  is  a  vasodilator  system  that  we  have  shown 
to  be  reduced  in  patients  with  essential  hypertension.   We  have  also  shown 
that  urinary  kallikrein  increases  during  salt  deprivation  and  administration 
of  fludrocortisone.   We  studied  parotid  salivary  kallikrein  to  determine 
whether  other  types  of  kallikrein  respond  to  these  same  maneuvers.   It  did 
and  it  tended  to  parallel  urinary  kallikrein  in  the  same  subjects.   Urinary 
kallikrein  occurs  in  both  bound  (prokallikrein)  and  free  forms  and  approxi- 
mately equivalent  amounts  of  each  form  were  found  in  most  subjects.   Both  free 
and  bound  kallikrein  increased  significantly  during  salt  restriction  and 
during  fludrocortisone  administration.   However,  we  found  evidence  of  decreased 
conversion  of  prokallikrein  to  free  kallikrein  in  subjects  with  very  low  levels 
of  free  kallikrein  and  in  one  patient  with  hypothyroidism.  These  findings 
suggest  an  enzymatic  conversion  to  activate  prokallikrein. 

The  role  of  kallikrein  in  the  kidney  is  still  in  doubt.   Therefore  we 
have  undertaken  an  extensive  study  of  the  effect  of  acute  alterations  of 
extracellular  volume  on  urinary  kallikrein  excretion  in  conscious  rats.   The 
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ECV  of  female  Sprague-Dawley  rats  was  expanded  20%  with  either  normal  saline 
or  5%  dextrose  In  water  over  a  period  of  one  hour  at  which  time  the  Infusion 
was  either  stopped  or  continued  to  match  urinary  output.   In  other  studies 
total  body  sodium  was  increased  by  15%  without  concomitant  volume  expansion 
with  the  use  of  3%  saline;  and  hyperoncotlc  albumin  Infusions  were  performed 
in  rats  during  a  saline  diuresis.   Preliminary  results  show  that  acute  ex- 
pansion provided  the  expected  significant  increase  in  urinary  volume  and  that 
sodium  loading  significantly  increased  sodium  excretion.   However  urinary 
kallikrein  changed  with  both  significant  and  insignificant  changes  in  urinary 
volume,  sodium  and  potassium.   Further  detailed  study  of  the  data  are  underway 
to  yield  final  conclusions  about  the  role  of  kallikrein  in  the  kidney. 

We  have  begun  to  evaluate  an  aromatic  Tris-amidine  which  is  a  potent 
inhibitor  of  both  glandular  and  plasma  kallikrein.   Such  an  inhibitor  would 
be  an  important  new  tool  in  elucidating  the  role  of  the  kallikrein-kinin 
system  in  both  normal  physiology  and  the  pathology  of  hypertension. 
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Hyporeninemia,  aldosteronism  and  hypertension,  the  characteristic  features 
of  primary  aldosteronism,  also  characterize  the  rare  disorder,  dexamethasone- 
suppressible  aldosteronism.   This  disorder  is  familial  with  an  autosomal 
dominant  mode  of  inheritance  which  is  not  HLA  linked.   As  treatment  with 
dexamethasone  corrects  the  aldosteronism  and  hypertension  and  restores  the 
responsiveness  of  the  renin-angiotensin  system,  and  as  treatment  with 
adrenocorticotrophin  (ACTH)  produces  a  sustained  increase  in  aldosterone 
production  and  blood  pressure,  this  suggests  that  the  aldosteronism  and 
hypertension  are  ACTH-dependent .   The  cause  of  the  ACTH  dependence  of 
aldosterone  production  is  unknown  but  may  represent  stimulation  rather  than 
the  usual  inhibition  by  ACTH  of  11-hydroxylation  and  18-hydroxylation  in  zona 
glomerulosa  cells.   As  aminoglutethimlde,  which  blocks  selectively 
steroidogenesis  by  the  zona  glomerulosa,  pregnancy,  which  results  in  an 
increased  production  of  an  aldosterone  antagonist,  progesterone,  and 
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Project  Description  and  Objective: 


Patients  with  dexamethasone-suppressible  aldosteronism  are  characterized 
by  hyporeninemia,  hypokalemia,  aldosteronism  and  hypertension.   When  these 
patients  are  treated  with  dexamethasone ,  urinary  aldosterone  decreases  to 
2  yg/day  or  less  in  one  to  two  days  followed  by  correction  of  the 
hypokalemia,  hyporeninemia,  and  hypertension.   This  sequence  of  events 
suggests  that  the  overproduction  of  aldosterone  is  ACTH-dependent  and  that 
the  hypertension  is  aldosterone-dependent. 

The  response  of  normal  subjects  and  patients  with  primary  aldosteronism 
to  prolonged  treatment  with  ACTH  is  an  increase  in  aldosterone  production 
on  the  first  day  of  treatment  followed  by  a  decrease  to  control  values. 
This  fall-off  in  aldosterone  production  has  been  attributed  to  a  decreased 
conversion  of  deoxycorticosterone  to  aldosterone  as  a  result  of  an  ACTH- 
induced  decrease  in  11-hydroxylation  and  18-hydroxylation  in  zona 
glomerulosa  cells.   This  normal  pattern  of  response  of  aldosterone  to 
ACTH  should  not  occur  in  patients  with  dexamethasone-suppressible 
aldosteronism  if  aldosterone  production  is  ACTH-dependent.   The  present 
studies  were  performed  to  test  this  proposition. 

To  determine  the  role  of  aldosterone  in  the  hypertension  of 
dexamethasone-suppressible  aldosteronism,  a  patient  with  this  disorder  was 
treated  with  spironolactone  and  with  aminoglutethimide.   The  latter  agent 
was  given  during  the  administration  of  ACTH  which  prevented  a  decrease  in 
Cortisol  but  not  in  aldosterone. 

Methods  Employed: 

A  mother  and  her  two-year-old  daughter,  both  of  whom  have  dexamethasone- 
suppressible  aldosteronism,  were  given  diets  which  contained  109  and  35 
mEq/d  of  sodium,  respectively.   Urine  was  collected  daily  for  the 
measurements  of  aldosterone  and  Cortisol.   After  control  observations  were 
obtained,  the  responses  of  the  mother  to  ACTH,  spironolactone  and 
aminoglutethimide  and  the  response  of  the  daughter  to  ACTH  were  determined. 

Major  Findings: 


The  effects  of  pregnancy  and  of  treatment  with  dexamethasone  and 
spironolactone  are  shown  in  the  table  below: 
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Whereas  the  improvement  with  dexamethasone  was  produced  by  suppression 
of  aldosterone,  the  improvement  during  spironolactone  and  during  pregnancy 
was  produced  by  antagonism  of  aldosterone.   During  the  administration  of 
ACTH,  treatment  with  aminoglutethimide  decreased  aldosterone  to  very  low 
values  (range,  0.2  to  1.6  yg/day)  but  did  not  affect  plasma  Cortisol  or 
urinary  17-hydroxycorticosteroids-,   The  decrease  in  aldosterone  was 
associated  with  a  rise  in  serum  K  from  3.3  to  4.1  mEq/L  and  a  fall  in 
blood  pressure  from  130/90  to  102/77  mmHg.   When  aminoglutethimide  was 
stopped,  aldosterone,  serum  potassium,  and  blood  pressure  returned  to 
pretreatment  values.   The  responses  to  spironolactone,  to  pregnancy  and  to 
aminoglutethimide  demonstrate  the  important  role  of  sodium-retaining 
steroids  from  the  zona  glomerulosa,  such  as  aldosterone,  as  mediators  of 
the  hypertension. 

Treatment  of  mother  and  daughter  with  ACTH  produced  an  increase 
in  urinary  aldosterone  to  maximal  values  of  30  yg/day  (mother)  and  12  yg/day 
(daughter)  which  were  sustained  throughout  the  seven  days  of  treatment  and 
were  associated  with  a  further  increase  in  blood  pressure.   Thus,  the 
observation  that  ACTH  can  further  stimulate  the  overproduction  of  aldosterone 
that  has  been  shown  to  be  readily  suppressible  by  dexamethasone  indicates 
that  ACTH  is  responsible  for  this  overproduction.   This  sustained 
overproduction  of  aldosterone  implies  that  conversion  of  deoxycorticosterone 
to  aldosterone  is  also  sustained  and  that  the  usual  ACTH-induced  decrease 
in  11-hydroxylation  and  18-hydroxylation  in  zona  glomerulosa  cells  does  not 
occur.   The  mechanism  by  which  ACTH  normally  inhibits  these  mitochondrial 
enzymes  of  zona  glomerulosa  cells  and  the  reason  that  such  an  inhibition 
does  not  occur  in  dexamethasone-suppressible  aldosteronism  remain  to  be 
determined . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Patients  with  Bartter's  syndrome  are  resistant  to  the  pressor  effects  of 
angiotensin  II  and  norepinephrine.   This  increase  in  resistance  to 
angiotensin  II  and  norepinephrine  is  associated  with  an  overproduction 
of  prostaglandins  and  is  corrected  by  treatment  with  a  prostaglandin 
synthetase  inhibitor.   Recently,  we  have  shown  that  the  increase  in 
pressor  resistance  to  norepinephrine  of  patients  with  Bartter's  syndrome  is 
associated  with  an  increased  excretion  of  norepinephrine  in  the  urine.   This 
increased  excretion  of  norepinephrine  may  reflect  an  increase  in  activity  of  the 
sympathetic  nervous  system  occurring  in  response  to  the  increase  in  pressor 
resistance  to  norepinephrine.   A  normal  to  borderline  high  excretion  of  the 
metabolites  VMA  and  metanephrine  and  restoration  of  urinary  norepinephrine 
to  normal  by  inhibition  of  prostaglandin  synthesis  supports  the  hypothesis 
of  an  increase  in  sympathetic  nervous  system  activity  mediated  by 
prostaglandins. 
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Project  Description  and  Objective: 


Increased  urinary  excretions  of  epinephrine  and  norepinephrine  have  been 
observed  in  patients  with  Bartter's  syndrome  who  are  resistant  to  the 
pressor  effects  of  norepinephrine.   If  this  increased  excretion  of 
catecholamines  indicates  an  increase  in  sjmipathetic  activity  and  does  not 
reflect  a  decrease  in  metabolism  of  norepinephrine  then  catecholamine 
metabolites  should  be  normal  or  increased.   Furthermore,  if  the  increase  in 
sympathetic  activity  occurs  in  response  to  an  increase  in  synthesis  of 
vasodilator  prostaglandins  by  blood  vessels,  then  treatment  with  a 
prostaglandin  synthetase  inhibitor  which  corrects  the  pressor  responsiveness 
should  lower  urinary  norepinephrine  toward  normal. 

Methods  Employed; 

Seven  patients  with  Bartter's  syndrome  were  given  a  diet  which 
contained  109  mEq  per  day  of  sodium.   Urine  was  collected  daily  for  the 
determination  of  norepinephrine,  epinephrine,  normetanephrine,  metanephrine 
and  vanillylmandelic  acid.  After  four  days  of  control  observations, 
indomethacin,  150  mg/day,  was  given  for  four  days.   The  control  values  are 
compared  to  values  for  seven  normal  age-matched  subjects. 

Major  Findings; 

The  excretion  of  epinephrine,  norepinephrine,  metanephrine  and 
3-methoxy-4-hydroxymandelic  acid  (VMA)  by  three  patients  with  Bartter's 
syndrome  and  the  effects  of  treatment  with  indomethacin  are  presented 
as  means  +  S.E.  in  the  table  below. 


CONTROL 

Patient 

Epinephrine 
(yg/day) 

Nor  ep  inephr  ine 
(yg/day) 

Metanephrine 
(mg/day) 

VMA 
(mg/day) 

1 

19 

386 

0.91 

1.45 

2 

35 

273 

1.08 

2.68 

3 

14 

100 

1.00 

2.60 

Mean  + 

SEM 

23+7 

253+95 

1.00+0.06 

2.24+0.4 
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INDOMETHACIN 


Patient 

Epinephrine 
(yg/day) 

Norepinephrine 
(pg/day) 

1 

6 

219 

2 

42 

194 

3 

14 

20 

Mean  +  SEM 

21+12 

144+66 

Metanephrine   VMA 
(mg/day)    (mg/day) 

0.29  0.83 

0.94  1.77 

0.79  2.70 

_              _           0.67+2.2  1.77+0.62 

Mean  urinary  norepinephrine  was  253  +  95  yg/day  (normal,  73.3  +  11.2 
yg/d),  and  mean  urinary  epinephrine  was  22.9  +  7.0  yg/day  (normal,  27.8  + 
3.4  yg/d),  mean  metanephrine  was  1.00  +  0.06  mg/day  (normal,  <1.0  mg/d)  and 
mean  VMA  2.24  +  0.41  mg/day  (normal,  0.7  -  6.8  mg/d).   Treatment  with 
indomethacin  decreased  epinephrine  by  8%,  norepinephrine  by  43%, 
metanephrine  by  33%  and  VMA  by  20%.   These  results  indicate  that  the 
increased  rate  of  excretion  of  norepinephrine  is  associated  with  a  normal 
rate  of  excretion  of  metabolites.   Thus,  the  supranormal  values  for 
norepinephrine  cannot  be  explained  by  subnormal  metabolism  and  are  best 
explained  by  an  absolute  increase  in  catecholamine  excretion,  presumably  the 
result  of  an  increase  in  sympathetic  activity.   The  decrease  in 
norepinephrine  and  metabolites  during  treatment  with  indomethacin  suggests 
that  the  increase  in  S3mipathetic  activity  was  a  response  to  a  prostaglandin- 
dependent  Increase  in  vascular  resistance  to  norepinephrine. 

Publications: 

1.  Gullner,  H.G.,  Bartter,  F.C.,  Cerlitti,  C,  Smith,  J.B., 
Jr.:  Prostacyclin  overproduction  in  Bartter 's  syndrome. 
October  13,  1979,  767-769,  1979. 


and  Gill,  J.R. 
The  Lancet, 


2.  Brouhard,  B.H.,  Gill,  J.R.,  Jr.,  Yun,  J.C.H.,  Kelly,  G.D.,  and  Bartter, 
F.C.:  Prostaglandin  dependent  and  independent  effects  of  bradykinin  on 
renal  function  in  the  dog.   Renal  Physiology,  Basel  2:  44-53,  1979-80. 

3.  Gill,  J.R.,  Jr.:   Bartter' s  syndrome:   Ann.  Rev.  Med.  31:  405-419,  1980. 

4.  Dusing,  R.,  Gill,  J.R.,  Jr.,  Bartter,  E.G.,  and  Gullner,  E.G.:      The 
effect  of  potassium  depletion  on  urinary  prostaglandins  in  normal  man. 
In:   Advances  in  Prostaglandin  and  Thromboxane  Research,  (eds.) 

B.  Samuelsson,  P.W.  Ramwell  and  R.  Paoletti,  Raven  Press,  New  York,  1980, 
pp.  1189-1192. 

5.  Gullner,  H.G.,  Gill,  J.R.,  Jr.,   Bartter,  E.G.,  Lake,  C.R.,  and  Lakatua, 
D.J.:   Correction  of  increased  sympathoadrenal  activity  in  Bartter's 
syndrome  by  inhibition  of  prostaglandin  synthesis.   J.  Clin.  Endo.  Metab. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  of  renin-like  activity  (RLA)  in  vessel  wall  have  been  plagued  by  low 
levels  of  RLA  and  nonspecific  acid  proteases  (NAP).   Protease  inhibitors  and 
affinity  chromatography  were  used  to  address  these  problems.   The  new  methods 
permitted  complete  separation  of  RLA  from  NAP.   When  sodium  depleted  rats  were 
studied  before  nephrectomy  and  at  2  hours  and  24  hours  post-nephrectomy,  the 
vascular  RLA  (devoid  of  proteolytic  activity)  fell  in  parallel  with  the  plasma 
renin  activity  (PRA) .   In  animals  studied  24  hr  after  bilateral  nephrectomy  and 
15  hours  after  hemorrhage  the  vascular  RLA  was  increased  over  controls  which  were 
nephrectomized  and  not  hemorrhaged.   In  conclusion  the  method  permitted  complete 
separation  of  RLA  from  NAP.   After  nephrectomy  alone,  the  parallel  fall  in  RLA 
and  PRA  suggests  that  RLA  may  arise  from  the  plasma.   However,  the  marked  increase 
in  RLA  after  hemorrhage  indicates  that  vascular  RLA  can  be  independent  of  PRA, 
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Objective;   The  present  studies  investigate  the  role  of  the  renin-angiotensin 
system  (RAS)  In  the  local  control  (as  opposed  to  hormonal)  of  vascular  tone. 
The  studies  to  date  have  focused  on  1)  the  development  of  methods  to  isolate 
small  resistance  vessels  as  well  as  large  vessels  for  study  2)  the  establish- 
ment of  assays  for  renin  concentration,  and  proteolytic  activity  3)  the 
development  of  methods  to  separate  nonspecific  acid  protease  activity  (NAP) 
from  renin-like  activity  (RLA)  and  4)  physiologic  evidence  for  local  production 
of  RLA  distinct  from  plasma  renin  activity  (PRA)  and  from  NAP. 

Materials  and  Methods; 

1.  Isolation  of  large  vessels;   While  under  ketamine  anesthesia  animals 
were  exsanguinated  and  then  perfused  with  cold  saline.   Standard  surgical 
techniques  were  used  to  isolate  and  remove  the  aorta  from  the  ascending  aorta 
to  the  bifurcation  of  the  femorals.   Loose  connective  tissue  was  removed  and 
the  aortas  frozen. 

2.  Isolation  of  small  resistance  vessels  (microvessels) :   Microvessels 
from  rat  brain  were  isolated  by  one  of  two  techniques.   In  one  technique 
brains  were  homogenized  in  physiologic  buffer  and  filtered  through  various 
meshes  of  nylon  screen.   Successive  homogenizations  with  homogenizers  of 
specified  clearances  to  be  followed  by  filtrations  through  specified  nylon 
mesh  produced  fractions  enriched  in  muscular  vessels  and  capillaries.   Yields 
were  small  (milligrams)  and  some  white  and  grey  matter  contaminated  the  final 
product.   In  another  technique  rat  brain  microvessels  (MV)  were  isolated  by 
ultracentrifugation  of  the  homogenate  on  sucrose  gradients.   Yields  were 
increased  and  white  matter  contamination  removed.   Assays  for  gamma-glutamyl 
transpeptidase  and  angiotensin  converting  enzyme  are  planned  to  permit 
quantification  of  MV  purity.   As  in  the  isolation  of  large  vessels,  MV  were 
isolated  only  after  the  rat  had  been  exsanguinated  and  perfused  with  cold 
saline. 

3.  Renin  Assay;   Initially  the  renin  assay  available  from  Squibb  was 
tested.   The  method  involves  incubation  at  neutral  pH  in  the  presence  of 
metal  chelators,  EDTA,  8-hydroxyquinoline  sulfate,  and  dimercaprol.   Antibody, 
standard,  and  charcoal  were  supplied  by  Squibb.   In  the  separation  of  bound 
Angiotensin  I  from  free  Angiotensin  I  significant  misclassif ication  error 
occurred  as  the  charcoal  could  not  be  compacted  despite  centrifugation  at  high 
g-forces.   Assay  parameters  for  curves  with  bound/total  ratios  (B/T)  of  50% 
were — 

Nonspecific   Slope   EDj-„    Minimal   Coefficient  Optimal  Coeff. 

Detectable  of  variation  of  variation  near 

Dose  (MDC)   of  curve  of  ED    (CV-ED   ) 
MDC  (CV-MDC) 

X  ±  1  SB  520±43   -.844±.104  275±118  50-lOOpg/ml   38±9  24±6 
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Ttiese  parameters  were  clearly  unacceptable.   High  nonspecific  counts  reflected 
misclassification  error.   Slopes  were  variable,  t-IDC  and  ED^_  were  too  high. 
The  coefficient  of  variation  which  described  the  optimal  portion  of  the  curve 
was  too  large.   The  following  modifications  were  made. 

Antibody  was  obtained  from  Dr.  F.  Katz.   Charcoal  was  prepared  with 
dextrose.   Angiotensin  I  standard  was  purchased  from  Squibb  and  labeled 
angiotensin  I  was  purchased  from  New  England  Nuclear.   Assays  with  B/T  ratios 
of  50%  are  described  by  the  following  parameters: 

Nonspecific    Slope     Ed_„    MDC       CV-MDC      CV-ED_q 

X±1SD   133139   -1.091.054  137114  12.5-25pg/ml  29l9       7+2 

Quality  controls  were  prepared  from  plasma  obtained  from  a  human  volunteer. 
With  the  modified  assay,  quality  controls  run  10.46  1  1.09  (X  1  ISD)  ng  Al/ml/ 
3hr.   Experiments  were  performed  to  examine  the  ability  of  various  EDTA 
inhibitors  to  protect  AI  generated  during  incubation.   For  long  tissue  renin 
incubations  EDTA,  neomycin  and  phenylmethylsulfonyl  fluoride  were  superior. 
Better  than  80%  of  the  angiotensin  I  generated  was  recovered  after  24  hours 
of  incubation. 

Plasma  from  rats  36-48  hours  after  nephrectomy  was  used  as  a  source  of 
renin  substrate.   All  substrate  or  plasma  samples  were  collected  and  centri- 
fuged  at  room  temperature  to  remove  the  cellular  components.   Plasma  was 
handled  at  room  temperature  until  acidification  to  pH  5.9  for  the  assay  to 
minimize  possible  cryoactivation. 

4.   Proteolytic  Assays:   The  conditions  which  maximize  AI  production  by 
renin  are  conditions  suitable  for  proteolysis.   Nonspecific  acid  proteases 
(NAP)  such  as  the  cathepsins  can  produce  angiotensin  I  immunoreactive  material 
from  renin  substrate.   Such  proteolysis  can  obscure  the  low  levels  of  renin- 
like  activity  which  might  be  present  in  tissues  such  as  vessel  wall.   Assays 
to  detect  proteolytic  activity  were  developed.   Homogenates  were  incubated  with 
bovine  Hgb  at  pH  3.5  and  the  non-TCA  precipitable  cleavage  fragments  measured 
with  the  Bradford  Coomassie  Blue  protein  assay.   This  method  permitted  detection 
of  10   to  10  units  of  cathepsin  D.   Under  the  incubation  conditions  for  the 
renin  assay,  10  units  of  cathepsin  can  produce  measurable  immunoreactive  AI. 
Sensitivity  could  not  be  increased  by  G-25  sephadex  filtration  of  the  substrate. 
The  recent  availability  of  hemoglobin  substrate  tagged  with  trituim  by  Dr. 
French  Anderson  permitted  detection  of  10   units  of  cathepsin  D.  The  increased 
sensitivity  of  the  assay  allows  the  detection  of  any  quantitatively  significant 
proteolytic  activity  in  samples  with  measurable  renin-like  activity.   Pro- 
teolytic activity  at  various  pH's  and  times  were  measured  to  determine  the 
assay  incubation  time  and  pH. 
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5.   Separation  of  Renin-like  Activity  from  Nonspecific  Acid  Protease 
Activity.   Columns  of  bovine  hemoglobin  coupled  to  Sepharose-4B  were  prepared 
and  experiments  were  performed  to  determine  the  conditions  necessary  to 
separate  renin-like  activity  from  nonspecific  acid  protease  activity.   Under 
the  appropriate  conditions  renin-like  activity  in  tissue  could  be  completely 
separated  from  proteases  bound  to  hemoglobin. 

Results: 


Experiments  were  performed  to  investigate  the  renin-like  activity  in 
large  vessels  and  in  small  resistance  vessels.   In  the  discussion  below  all  AI 
generating  activity  is  referred  to  as  RLA  whether  it  represents  renin,  a 
renin-like  enzyme,  or  NAP. 

1.  Large  Vessels:   The  aortas  of  rats  were  collected  as  described  above 
and  pooled.   Both  aortic  RLA  and  PRA  were  measured  in  Na-depleted  rats  before 
nephrectomy  and  at  2  hours  and  24  hours  post-nephrectomy  (PN) .   Chromatography 
demonstrated  two  peaks  of  RLA — peak  1  contained  no  proteolytic  activity  while 
peak  2  did.   The  proteolytic  activity  represents  NAP  not  irreversibly  inhibited 
above.   Prior  to  nephrectomy,  RLA  was  34.3  ng/Al/hr  in  peak  1  and  0.40  ng 
Al/hr  in  peak  2.   At  2  hours  PN,  RLA  in  peak  1  had  fallen  to  4.4  ng  Al/hr  and 
at  24  hours  peak  1  was  no  longer  detectable.   PRA  fell  from  31.4±2.64  (X±SEM) 
ng/ml/hr  before  nephrectomy  to  2.89±1.51  ng/ml/hr  at  2  hrs  PN  and  to  0.23 
±0.08  ng/ml/hr  at  24  hours  PN.   To  distinguish  peak  1,  RLA  from  PRA,  animals 
were  hemorrhaged  (15%  of  TBV)  nine  hours  after  bilateral  nephrectomy.   In 
preliminary  experiments,  24  hours  PN,  peak  1  RLA  from  hemorrhaged  animals 

was  2.7  ng/Al/hr  while  PRA  averaged  .18±.02  ng  Al/ml/hr.   In  conclusion,  this 
method  allows  the  separation  of  RLA  (peak  1)  from  NAP  (peak  2).   After  neph- 
rectomy alone,  the  parallel  fall  of  RLA  (peak  1)  with  PRA  suggests  that  RLA 
(peak  1)  arises  from  the  plasma.   However,  the  marked  increase  in  RLA  (peak 
1)  after  hemorrhage  indicates  that  vascular  RLA  can  be  independent  of  PRA. 

2.  Microvessels:   Several  experiments  were  performed  with  pooled 
fractions  of  microvessels.   No  activity  has  been  detected.   Because  of  the 
small  quantities  of  protein  in  microvessels  fractions,  activity  may  disappear 
with  dilution  during  chromatographic  steps.   The  methods  are  now  being  scaled 
down  to  reduce  this  problem.   Additionally  RLA  may  be  degraded  by  proteases 

in  the  initial  steps  of  microvessels  isolation.   The  procedure  will  be  modified 
to  inhibit  proteases  as  soon  as  possible  in  the  microvessel  isolation. 

Conclusion  and  Plans: 

Methods  have  been  developed  to  separate  NAP  from  renin-like  enzymes. 
The  activity  in  large  vessels  may  be  physiologically  important  in  control  of 
vascular  tone.   In  the  model  described  above  aortic  RLA  without  proteolytic 
activity  increased  independent  of  PRA.   The  model  will  permit  1)  the  character- 
ization of  RLA  in  vascular  wall  apart  from  that  in  the  plasma.   2)  Study  of 
regulation  including  evaluation  of  the  role  of  the  sjonpathetic  nervous  systems 
3)  evaluation  of  the  anatomy  of  the  system  with  immunofluorescence  (i.e.  the 
location  of  substrate,  renin-like  enzyme,  and  converting  enzyme). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

I-RT-36,  an  aromatic  tris-amidine  compound,  has  been  demonstrated  to 
inhibit  porcine  pancreatic  and  human  plasma  kallikrein,  with  a  K,  in  the  10 
range.   The  purpose  of  the  present  study  was  to  evaluate  this  inhibitory  capacity 
both  in  vivo  and  in  vitro  using  the  rat  as  an  experimental  model.   Initial 
studies  demonstrated  blockade  of  the  expected  hypotensive  response  provoked  by 
the  injection  of  kallikrein  isolated  from  rat  urine,  when  the  experimental 
animal  was  pre-treated  with  the  I-RT  compound.   In  work  with  guinea  pig  ileum, 
addition  of  the  tris-amidine  to  the  bath  containing  a  kininogen  source  and 
kallikrein  blocked  the  expected  kin in  induced  smooth  muscle  contraction. 
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Objective:   The  purpose  of  this  study  was  to  evaluate  the  tris-amidine  com- 
pounds as  inhibitors  of  kallikrein.   As  presently  available  inhibitors  of 
kalllkrein  are  not  specific,  there  is  great  need  for  a  selective  inhibitor 
in  the  study  of  the  kallikrein-kinin  system.   The  tris-amidine  compounds  have 
demonstrated  K.  in  the  10   range,  and  are  more  active  against  kall.'.krein, 
than  trypsin  or  thrombin.   It  was  necessary  to  prove  that  the  compounds  were 
active  against  the  system  in  the  rat,  as  this  is  our  model  for  additional 
kallikrein  studies.   The  compound  has  a  M.W.  of  868.71  which  should  effect 
its  iramunogenicity.  A  selective  inhibitor  would  allow  more  accurate  studies 
of  a  system  whose  interactions  are  far  reaching. 

Methods: 

1.  Preparation  of  kallikrein:   Urine  was  collected  from  salt  depleted 
rats,  housed  in  metabolic  balance  cages.   The  urine  was  collected  under 
toluene,  filtered,  spun,  and  quick  frozen.   The  collected  urine  was  concen- 
trated with  an  Amicon  filter,  diluted  with  column  buffer  and  dialyzed  for 
24  hours.   This  material  was  run  over  a  DE-52  ion-exchange  column,  and  sub- 
sequently a  Trasylol  affinity  column.   This  provided  separation  from  esterase 
A  activity.   The  resultant  material  had  no  intrinsic  activity  in  the  bio-assay 
preparation. 

2.  Preparation  of  pseudoglobulin  fraction:   Rats  were  exsanguinated; 
blood  was  collected  in  heparinized  containers  and  spun  to  obtain  plasma.   The 
plasma  was  treated  with  ammonium  sulfate.   The  pseudoglobin  fraction  served 
as  a  kininogen  source. 

3.  Guinea  pig  ileum  was  used  for  the  bioassay. 

4.  Male  SD  rats  (25-300  grams)  were  surgically  prepared  for  femoral 
vessel  cannulation,  infusion  of  micro-liter  quantities  of  materials  was 
performed  with  a  modified  Hamilton  syringe.   BP  was  recorded  with  a  Statham 
P23Db  transducer  and  a  Sanbourn  150. 

Results: 

1.  Evaluation  of  Pseudoglobulin  as  kininogen  source.   Bioassay  in  rat 
uterus  revealed  slight  inhibition  of  kinin  generation  with  the  kallikrein 
dose  of  O.lij  gms.   The  pseudoglobulin  preparation  had  no  kininase  activity, 
but  it  appears  to  contain  either  a  kallikrein  inhibitor  or  an  inactivating 
enzjmie.   The  pseudoglobulin  was  heated  to  56°C  for  1  hour  in  an  attempt  to 
inactivate  any  inhibitor  and  the  material  is  to  be  re- tested. 

2.  In  vitro-testing:   The  Guinea  pig  ileum  bioassay  was  used  to  evaluate 
potency  and  pattern  of  inhibition.   Rat  urinary  kallikrein  (1  ygm)  added  to 
the  bath  containing  100  pi  of  pseudoglobulin,  produced  an  average  response 

of  26  mm.  deflection.   When  5  ugm  of  IRT-36  was  added  to  the  pseudoglobulin- 
kallikrein  solution,  the  intensity  of  the  response  fell  to  8.5  mm  (average 
67%  reduction)  and  the  onset  of  action  was  delayed  by  a  factor  of  five.   This 
pattern  suggests  that  the  IRT  acts  as  a  competitive  inhibitor.   IRT,  pseudo- 
globulin, and  rat  urinary  kallikrein  had  no  effects  by  themselves. 
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3.   In  vivo  testing:   Rat  urinary  kalllkrein  (1  ygm)  lowered  blood 
pressure  when  injected  IV  into  anesthetized  rats,  as  did  0.7  ml  of  fresh  rat 
urine.   Pre- treatment  with  a  dose  of  0.1  mg  of  IRT-36  did  not  inhibit  this 
vasodepressor  response.   The  effect  of  the  inhibitor  was  evaluated  in  the 
two-kidney  Goldblatt  model  of  renovascular  hypertension.   IRT  at  a  dose  of 
0.1  mg  I.V.  depressed  blood  pressure.   This  effect  was  transient  and  pressure 
returned  to  pre-treatment  levels  by  one  hour.   Rechallange  with  IRT  again 
produced  a  vasodepressor  effect.   This  fall  in  blood  pressure  was  noted  in 
normal  rats,  but  to  a  lesser  extent.   The  vasodepressor  effect  of  esterase 
A  was  not  blocked  by  pre-treatment  with  IRT. 

Significance  of  Findings; 

The  in  vitro  effects  of  IRT-36  suggest  that  it  is  a  potent  inhibitor  of 
kalllkrein.   When  IRT  was  pre- incubated  with  pseudoglobulin,  this  inhibitory 
effect  was  lost,  similar  to  the  course  of  events  in  the  whole  animal.   This 
may  be  an  effect  of  non-specific  protein  binding  which  prevents  the  inhibitor 
from  making  contact  with  kalllkrein.   It  is  possible  that  a  significant 
increase  in  dose  level  would  overcome  this  effect.   The  direct  action  of  IRT 
on  blood  pressure  was  unexpected,  and  no  evidence  of  intrinsic  activity  appears 
in  the  in  vitro  testing.   However  smooth  muscle  relaxation  would  not  be  readily 
apparent  in  the  ileum  preparation. 

The  need  for  a  specific  inhibitor  of  kalllkrein  is  obvious.   A  specific 
inhibitor  would  allow  a  much  cleaner  approach  in  defining  the  role  of  the 
kallikrein-kinin  system. 

Proposed  course  of  the  study: 

1.  To  evaluate  the  direct  action  of  the  IRT  in  vivo,  through  the  use 
of  the  isolated  rat  hind  limb  preparation. 

2.  Evaluate  dose-response  relationship  in  vivo. 

3.  Complete  in  vitro  bioassays  to  determine  relative  potency  of  the 
inhibitor. 
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Objectives:   We  have  been  Interested  In  kallikrelns  because  they  liberate 
vasodilator  peptides  and  because  hypertensive  patients  have  been  found  to 
have  reduced  urinary  excretion  of  free  kalllkreln.   We  have  shown  that  urinary 
kalllkreln  Increases  during  salt  deprivation  and  administration  of  fludrocor- 
tisone; in  an  effort  to  determine  whether  other  types  of  glandular  kalllkreln 
respond  to  these  maneuvers,  we  measured  parotid  salivary  kalllkreln  during 
such  stimulation.   Parotid  saliva  was  studied  because  salivary  glands  are  rich 
In  kalllkreln,  because  salivary  function  Is  modified  by  various  klnins  and 
because  quantitative  collection  is  feasible. 

Urine  contains  both  free  and  prokalllkreln.   Studies  were  initiated  to 
determine  the  extent  to  which  low  levels  of  urinary  free  kalllkreln  may  reflect 
deficiencies  of  prokalllkreln  or  its  conversion  to  the  free  form. 

Methods;   Urinary  assays  for  normal  subjects  were  performed  on  24  hour  urine 
samples  obtained  on  the  last  two  days  of  one  week  periods  of  uniform  intake 
of  dietary  salt.   Equilibration  was  demonstrated  by  the  finding  that  urinary 
excretion  approximated  dietary  Intake. 

The  radiochemical  esterolytlc  assay  of  Beavan  et  al.  was  used  to  measure 
urinary  kalllkreln;  assays  were  performed  both  in  untreated  gel-filtered  sam- 
ples and  after  trypsin  activation  lo  convert  Inactive  prokalllkreln  to  active 
or  free  kalllkreln;  the  difference  between  kalllkreln  levels  in  unactlvated 
and  activated  samples  was  designated  as  prokalllkreln  whereas  kalllkreln  in 
unactlvated  samples  was  called  free  kalllkreln. 

Salivary  kalllkreln  was  assayed  by  radlo-immunoassay  because  of  the  pos- 
sibility that  salivary  esterases  might  interfere  with  the  esterolytlc  assay 
of  Beavan  et  al. 

Parotid  saliva  was  collected  before  supper  using  a  Lashley  cup  during 
standard  stimulation  with  small  sips  of  lemon  juice  once  a  minute.   Concentra- 
tions and  flow  were  determined  from  timed  samples  collected  over  ten  minutes. 

Statistical  analyses  were  by  Student's  t-test  and  by  analysis  of  variance. 

Results:   Urinary  kalllkreln:   Eighteen  unselected  normal  volunteers  were 
studied  at  the  end  of  one  week  periods  during  which  they  received  109  meq,9 
meq  or  259  meq  of  dietary  salt  daily.   The  sequence  of  diets  was  varied. 
Urinary  kalllkreln  occurred  in  both  bound  (prokalllkreln)  and  free  forms; 
approximately  equivalent  amounts  of  each  form  were  found  in  most  subjects. 
Both  free  and  bound  kalllkreln  increased  significantly  during  salt  restriction 
and  during  administration  of  the  salt-retaining  steroid, fludrocortisone. 

Two  hypertensive  and  two  normotenslve  subjects  with  no  measurable  levels 
of  free  urinary  kalllkreln  on  intermediate  levels  of  dietary  salt  were  selected 
for  study.   Three  showed  normal  excretion  of  prokalllkreln  while  the  fourth 
showed  minimal  prokalllkreln;  each  showed  Increased  excretion  of  prokalllkreln 
during  salt  restriction. 
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EFFECTS  OF  DIFFERENT  LEVELS  OF  DIETARY  SALT  AND  ADMINISTRATION  OF  FLUDROCOR- 
TISONE ON  MEAN  DAILY  EXCRETION  OF  URINARY  KALLIKREIN 


Assay  Diet  (meq  Na/day)  Fludro- 

9    109    259    N  Control  cortisone 


Free  Kallikrein        16.6  8.7*   5.1*  18  7.3     16.9*     13 

(T.U./day) 

Prokallikrein  8.0   6.1*   5.2*   18  5.3     10.3*     13 

(T.U./day) 

*  p<.05  for  comparison  with  a  9  meq  diet  or  control 

Salivary  Kallikrein:   The  average  concentrations  of  parotid  kallikrein 
and  potassium  of  16  normal  volunteers  increased  significantly  during  salt 
restriction  whereas  that  of  sodium  decreased.   Changes  in  output  were  in  the 
same  direction  but  because  of  the  variability  of  measurements  of  flow, 
statistical  significance  was  not  reached;  there  were  no  significant  differences 
in  average  flow  in  the  different  periods. 

EFFECTS  OF  CHANGES  IN  DIETARY  SALT  ON  PAROTID  SALIVA  OF  SIXTEEN  NORMAL  VOLUNTEERS 


Concentration  of  Kallikrein  (RIA)  pg/ml 
Concentration  of  Potassium  meq/L 
Concentration  of  Sodium  meq/L 
Output  of  parotid  kallikrein  yg/min 
Flow  cc/min 

p<4  01  in  comparison  with  9  meq  period 
*  p<.05  in  comparison  with  9  meq  period 

Administration  of  fludrocortisone  0.6  mg/day  for  one  week  to  ten  normal 
volunteers  receiving  109  meq  of  salt  daily  caused  a  significant  rise  in  the 
concentration  of  parotid  kallikrein  but  potassium,  sodium  and  flow  were  not 
significantly  altered. 


Salt    E 

ietary 

9  meq/d 

109  me 

1.65+ 

22.7 

q/d 

259  meq/d 

2.25 

1.85* 
21.21 
26.1 

25.7 

19.6 

24.5* 

1.43 

1.17 

1.31 

0.66 

0.74 

0.85 
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EFFECT  OF  FLUDROCORTrSONE  ON  PAROTID  SALIVA  OF  TEN  NORMAL  VOLUNTEERS 


Concentration  of  Kallikrein  (RIA)  yg/ml 
Concentration  of  Potassium  meq/L 
Concentration  of  Sodium  meq/L 
Output  of  kallikrein  (RIA)  yg/min 
Flow  cc/min 


meq 

Na/d 

109  meq  Na/d  + 
Fludrocortisone 

1.84 

2.43* 

23.4 

23.5 

18.8 

17.2 

1.10 

1.52 

.71 

.76 

*  p<.01 

Endocrine  Effects 

Following  removal  of  an  aldosterone-producing  adenoma,  concentration  and 
output  of  parotid  kallikrein  of  one  patient  fell  strikingly  from  supra-normal 
levels;  parotid  potassium  and  sodium  fell  and  rose  respectively;  urinary 
excretion  of  aldosterone  fell  from  elevated  levels  and  plasma  renin  activity 
rose  from  suppressed  values. 

CHANGES  IN  AVERAGE  VALUES  FOR  PAROTID  SALIVA  AFTER  REMOVAL  OF  AN  ALDOSTERONE- 
PRODUCING  ADENOMA  (ONE  PATIENT) 


Period 

Kallikrein 

Sodium 

Potassium 

Flow 

yg/ml 

meq/L 

meq/L 

cc/min 

pre  surgery 

6.1 

17 

32 

.74 

post  surgery 

1.0 

41 

23 

.72 

One  patient  was  studied  when  replacement  therapy  with  75  meg/day  of 
triiodothyronine  was  suspended  to  permit  a  search  for  possible  metastases  of 
a  thyroid  malignancy.   While  hypothyroid  she  showed  a  pronounced  fall  in  the 
ratio  of  free  to  bound  urinary  kallikrein  and  a  fall  in  the  concentration  and 
output  of  parotid  kallikrein;  urinary  and  plasma  aldosterone  showed  little 
change . 

EFFECTS  OF  HYPOTHYROIDISM  ON  URINARY  AND  PAROTID  KALLIKREIN  (ONE  PATIENT) 


Treatment 


Plasma       Urinary  Parotid 

T3    Kallikrein  T.U./   Aldo-  Kalli-  Sodium  Potassium  Flow 
day     sterone  krein 
Free   Bound    yg/day  yg/ml   meq/L   meq/L   cc/min 


Triiodothyronine   233      10.2     9.0    6.2     1.7 
0  36       4.2*   12.8    5.2     1.2* 


28.0    29.1    1.08 
33.3*   26.6*   1.07 


*  p<.025  for  comparison  with  period  of  thyroid  replacement 
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Significance  of  findings:   Urinary  kallikrein  exists  in  an  inactive  as  well 
as  an  active  form.   Both  forms  are  increased  during  salt  deprivation  and 
administration  of  fludrocortisone.   Evidence  for  decreased  conversion  of 
Inactive  to  active  kallikrein  was  found  in  subjects  with  spontaneously  low 
levels  of  kallikrein  and  in  hypothyroidism. 

Stimulation  of  kallikrein  levels  by  salt-retaining  steroid  was  shown  to 
occur  with  salivary  as  well  as  urinary  kallikrein  suggesting  that  this  may  be 
a  general  response  of  glandular  kallikrein. 

Proposed  course  of  project:   Additional  subjects  with  hypothyroidism  and 
aldosterone-producing  adenomas  will  be  studied. 

Publications:   None. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  developed  a  technique  for  measuring  local  cerebral  glucose  metabolism 
^sing  2-deoxyglucose  in  response  to  electrical  stimulation  of  the  carotid  sinus 
T^^T^e   in  conscious  cats.   The  technique  appears  to  be  limited  by  damage  to  the 
nerve  at  the  time  of  surgery. 
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Objectives;   The  baroreflex  is  the  most  potent,  rapidly-acting  circulatory 
homeostatic  mechanism  for  controlling  blood  pressure.   Stretch  receptors  in 
the  carotid  sinus  area  respond  to  increases  in  blood  pressure  by  increased 
afferent  activity  along  the  carotid  sinus  nerve,  resulting  in  reflex  decreases 
in  heart  rate  and  peripheral  resistance  which  tend  to  bring  blood  pressure 
toward  normal. 

The  central  neural  pathways  mediating  the  baroreflex  are  poorly  described. 
The  2-deoxyglucose  (2DG)  technique  offers  the  potential  for  mapping  out  these 
areas  by  identifying  brain  centers  which  are  metabolically  active.   We  plan  to 
stimulate  the  carotid  sinus  nerve  and  measure  local  glucose  uptake  -  and  there- 
fore metabolic  activity  -  using  the  2DG  technique.   Since  anesthesia  grossly 
distorts  the  baroreflex,  the  experiment  requires  conscious  subjects. 

Methods ;   Using  sterile  technique,  we  implant  femoral  arterial  and  venous 
catheters  in  anesthetized,  artifically  respired  cats.   We  tunnel  the  catheters 
subcutaneously  so  that  they  exit  behind  the  neck.   The  carotid  sinus  nerve  on 
one  side  of  the  neck  is  identified  and  prepared  for  stimulation.   The  nerve  is 
surrounded  by  a  specially  fabricated  bipolar  electrode,  with  the  leads  tunneled 
subcutaneously  to  exit  behind  the  neck. 

After  recovery  from  anesthesia  (1  to  2  days),  the  cat  while  awake  is 
restrained  in  a  sling  and  the  function  of  the  electrode  tested  by  measuring 
blood  pressure  and  heart  rate  responses  to  electrical  stimulation  of  the  carotid 
sinus  nerve.   When  nerve  function  has  been  verified,  the  2DG  technique  is  car- 
ried out  with  or  without  concurrent  stimulation  of  the  nerve.   The  Cl^  labelled 
2DG  is  injected  intravenously,  with  serial  arterial  samples  drawn  for  concentra- 
tion calculations  during  the  subsequent  40  minutes.   The  cat  is  then  sacrificed, 
the  brain  extracted,  and  metabolic  activity  computed  using  a  computerized  radio- 
autographic  procedure. 

Results  and  their  Significance;  We  have  been  successful  so  far  with  only  one 
cat  of  approximately  12.   In  that  cat,  carotid  sinus  nerve  stimulation  did  not 
produce  any  obvious  unilateral  increase  in  2DG  uptake  in  the  nucleus  tractus 
solitarius,  the  area  known  to  be  the  location  of  the  first  synapse  of  the  baro- 
reflex.  In  the  remaining  cats,  post-operative  death,  failure  to  elicit  a  hypo- 
tensive response  to  nerve  stimulation  on  the  day  planned  for  2DG  administration, 
or  excessive  blood  glucose  levels  have  prevented  completion  of  the  preparation. 

Proposed  Course  of  Study;  We  will  be  meeting  with  Mr.  Sullivan  (of  Instrument 
Fabrications)  to  determine  if  revision  of  the  electrode  will  minimize  neural 
damage.   If  unpreventable,  irreversible  trauma  accompanies  the  dissection  and 
electrode  implantation,  and  the  project  will  be  abandoned. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  measured  cardiovascular  (heart  rate,  blood  pressure,  and  cardiac  out- 
put) ,  biochemical  (plasma  norepinephrine ,  epinephrine,  growth  hormone,  Cortisol, 
cholesterol,  triglyceride,  and  lipoprotein) ,  and  psychological  (pain,  anxiety) 
responses  to  wisdom  tooth  extractions  in  healthy  young  adults. 
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Objectives:   Undergoing  wisdom  tooth  extractions  is  a  real-life,  acute  emotion- 
al stress.   By  measuring  plasma  norepinephrine  levels  -  reflecting  S3mipathetic 
nervous  system  activity  and  cardiovascular  variables  -  we  hope  to  characterize 
the  response  to  non-physical  stress  in  normal  persons,  in  order  to  provide  a 
basis  for  comparison  with  patients  with  hypertension  and  other  cardiovascular 
diseases,  in  whom  excessive  sympathetic  responsiveness  to  stress  may  have  etio- 
logical significance.   In  the  current  study,  we  wish  to  test  these  hypotheses: 
(1)  The  stress  of  dental  surgery  systematically  alters  lipoprotein  and  cate- 
cholamine levels;  (2)  Catecholamine  levels  correlate  with  the  amount  of  self- 
reported  anxiety  or  experienced  pain;  (3)  Lipoprotein  and  catecholamine  re- 
sponses to  stress  are  inter-correlated;  (4)  Catecholamine  levels  correlate 
with  results  of  non- invasive  cardiovascular  physiological  measurements;  (5) 
Intravenous  diazepam  sedation  attenuates  the  cardiovascular  and  catecholamine 
responses  to  dental  surgery;  and  (6)  Epinephrine  in  the  local  anesthetic  in- 
creases plasma  epinephrine  levels,  with  correlated  changes  in  heart  rate  and 
blood  pressure. 

Methods;   Blood  drawn  through  an  indwelling  intravenous  needle  has  been  assayed 
for  the  above  biochemical  parameters  in  healthy  young  adults  a  few  days  prior 
to  surgery,  and  during  pre-operative,  operative,  and  post-operative  conditions, 
for  each  of  two  sets  of  wisdom  tooth  extractions.   For  the  first  operation, 
patients  were  randomly  assigned  to  receive  or  not  to  receive  intravenous  diaze- 
pam (Valium)  sedation  five  minutes  prior  to  the  local  anesthesia;  for  the 
second,  they  were  randomly  assigned  to  receive  or  not  to  receive  epinephrine 
in  the  local  anesthetic.   For  the  first  operation,  all  patients  received  epi- 
nephrine in  the  local  anesthetic,  and  for  the  second,  all  received  diazepam 
sedation.   Blood  pressure  has  been  measured  using  an  Arteriosonde  intra- 
operatively,  and  manually  in  the  baseline  and  post-operative  conditions. 
Impedance  cardiography  has  been  used  as  a  non- invasive  index  of  cardiac  output. 
Experienced  pain  and  anxiety  have  been  measured  using  standardized  question- 
naires. 

Results  and  their  Significance:  Although  preliminary,  data  obtained  from  15 
patients  yield  several  findings:  (1)  Epinephrine  in  the  local  anesthetic  in- 
creases plasma  epinephrine  levels  five-  to  six-fold,  without  obvious  associa- 
ted increases  in  heart  rate  or  systolic  pressure;  (2)  Valium  sedation  attenu- 
ates the  norepinephrine  response  to  the  surgery,  again  without  obvious  associa- 
ed  attenuation  of  heart  rate  or  pressure  responses;  (3)  Norepinephrine  and 
epinephrine  both  increase  with  dental  surgery,  as  do  heart  rate,  systolic 
pressure,  and  cardiac  output;  and  (4)  lipids  and  lipoproteins  do  not  change 
with  dental  surgery.   In  order  to  measure  the  catecholamine  levels,  a  liquid 
chromatographic  assay  technique  using  electrochemical  detection  was  perfected 
and  validated  against  the  radioenzymatic  technique.   This  research  is  discussed 
separately. 

Proposed  Course  of  Project:   This  project  will  only  require  20  patients,  as 
opposed  to  the  anticipated  40.   The  project  should  therefore  be  completed  by 
fall,  1980,  and  a  new  project,  involving  patients  with  hypertension  or  other 
cardiovascular  diseases,  begun. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  measured  baroreflex  sensitivity  in  patients  with  essential  and 
secondary  hypertension.   Early  results  suggest  the  following:   (1)  Baroreflex 


sensitivity  varies  inversely  with  blood  pressure;  (2)  Baroreflex  sensitivity  is 
decreased  in  both  essential  and  secondary  hypertension;  and  (3)  The  various 
techniques  for  measuring  baroreflex  sensitivity  agree  with  one  another. 
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Objectives;   Since  the  baroreflex  is  the  most  powerful,  rapidly  acting  circula- 
tory homeostatic  reflex,  we  have  investigated  whether  an  abnormality  in  this 
reflex  characterizes  patients  with  essential  hypertension.   We  have  measured 
baroreflex  sensitivity  using  three  techniques,  in  order  to  answer  these  ques- 
tions:  To  what  extent  are  the  obtained  reflex  sensitivities  consistent  across 
techniques?  Are  alterations  in  baroreflex  function  specific  for  essential 
hypertension?  And  are  the  alterations  reversible  when  blood  pressure  is  de- 
creased to  normal?  Previous  studies  have  disagreed  about  whether  or  not  pa- 
tients with  essential  hypertension  show  abnormal  baroreflex  function,  and  the 
discrepancies  appear  to  have  been  related  to  the  technique  used  to  measure 
baroreflex  sensitivity. 

Methojds:   The  three  techniques  used  to  assess  baroreflex  sensitivity  have  been: 
(1)  blood  pressure  and  heart  rate  relationships  during  and  after  release  of 
the  Valsalva  maneuver;  (2)  blood  pressure  and  heart  rate  responses  to  sudden 
changes  in  external  neck  pressure;  and  (3)  heart  rate  responses  to  intravenous 
injections  of  vasoconstrictors  and  vasodilators.   Baroreflex  sensitivity  has 
been  defined  as  the  change  in  interbeat  interval  per  unit  change  in  systolic 
pressure,  for  the  first  and  third  techniques;  and  the  change  in  interbeat 
interval  or  in  systolic  pressure  per  unit  change  in  neck  cuff  pressure,  for 
the  second  technique.   The  vasoconstrictor  used  in  this  study  has  been  phenyl- 
ephrine, and  the  vasodilator  nitroglycerine.   Blood  pressure  has  been  measured 
on  a  beat-to-beat  basis  via  an  indwelling  arterial  catheter. 

BAROREFLEX  SENSITIVITY  IN  PATIENTS  WITH  HYPERTENSION  AND  IN  NORMO- 


TENSIVE  CONTROLS 

Baroreflex 

sensitivity 

Patient 

Diagnosis 

Val. 

Val .   phenyl . 

nitro 

cuff 

cuff  cuff  cuff  B< 

strain 

release 

R-R 

R-R  BPs   BPs 

-P 

+P   -p   +p 

S.H. 

Healthy 

6.33 

15.50  11.40 

9.24 

-8.82 

-2.37  0.24  0.32 

S.B. 

Ess.  HTN 

2.95 

4.10  14.60 

6.82 

-3.12 

0.41  0.04  0.16 

S.S. 

Renal  HTN 

2.62 

2.59  

1.81 

-1.35 

-0.91  0.28  0.21 

D.C. 

Healthy 

5.15 

5.83  14.80 

2.33 

-2.54 

-0.22  0.06  0.03 

K.P. 

Ess.  HTN 

2.91 

3.89   9.42 

3.81 

-2.08 

0.59  0.15  0.02 

BPs 

102 
122 
189 
114 
133 

Notes;   Ess.  HTN  =  essential  hypertension;  Renal  HTN  =  renovascular  hyper- 
tension; Val.  strain  =  change  in  R-R  interval  per  mm  Hg  change  in  systolic 
pressure  during  the  decrease  in  pressure  associated  with  the  Valsalva  maneuver; 
Val.  release  =  change  in  R-R  interval  per  mm  Hg  change  in  systolic  pressure 
during  the  increase  in  pressure  associated  with  release  of  the  Valsalva  man- 
euver; phenyl.  =  change  in  R-R  interval  per  mm  Hg  change  in  systolic  pressure 
during  the  pressure  increase  produced  by  bolus  intravenous  injection  of  phenyl- 
ephrine; nitro.  =  change  in  R-R  interval  per  mm  Hg  change  in  systolic  pressure 
during  the  pressure  decrease  produced  by  intravenous  injection  of  nitroglycer- 
ine; cuff  =  change  in  R-R  interval  or  in  systolic  pressure  produced  by  increas- 
es (+p)  or  decreases  (-p)  in  external  neck  pressure.   Patient  S.S.  did  not 
receive  phenylephrine  due  to  her  high  baseline  systolic  pressure. 
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Results  and  their  Significance;   Action  on  this  project  was  delayed  due  to  the 
time  required  for  design  and  fabrication  of  the  apparatus  used  to  produce  sud- 
den changes  in  external  neck  pressure;  and  due  to  the  submission  of  an  amend- 
ment to  the  research  protocol  allowing  bolus  injections,  rather  than  slow  in- 
fusions, of  the  vasoactive  substances.   Five  patients  have  undergone  the  baro- 
reflex  testing  procedure  -  2  normotensive  controls,  2  patients  with  essential 
hypertension,  and  1  patient  with  renovascular  hypertension.   The  results  are 
summarized  in  the  table.   Several  trends  in  the  data  are  consistent  with  the 
following  hypotheses,  although  the  results  are  much  too  preliminary  for  firm 
conclusions:  (1)  Baroreflex  sensitivity  varies  inversely  with  blood  pressure; 
(2)  Baroreflex  sensitivity  is  decreased  in  both  essential  and  secondary  hyper- 
tension; and  (3)  The  various  techniques  for  measuring  baroreflex  sensitivity 
agree  with  one  another.   These  findings,  if  verified  in  the  remainder  of  the 
study,  would  suggest  that  the  baroreflex  sensitivity  changes  occurring  in 
patients  with  essential  hypertension  are  the  result  of,  and  not  a  cause  of, 
their  high  blood  pressure. 

Proposed  Course  of  Project:   We  will  continue  this  project,  using  the  amended 
protocol,  to  a  total  of  about  25  patients. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  extra-cellular  volume  of  female  Sprague-Dawley  rats  was  expanded  by  20% 
with  either  NS  or  D5W  over  a  period  of  one  hour,  at  this  point  the  infusion  was 
either  stopped  or  continued  to  match  urinary  output.   In  other  studies,  total  body 
sodium  was  increased  by  15%  without  concomitant  volume  expansion,  through  the  use 
of  3%  saline,  and  hyperoncotic  albumin  infusions  were  performed  in  rats  undergoing 
a  saline  diuresis.   The  purpose  of  these  manipulations  was  to  evaluate  the  role 
of  the  kallikrein  system  in  adaptation  to  acute  alterations  in  extra-cellular 
volume  and  salt  concentrations.   Urine  was  collected  over  timed  periods  and  tested 
for  [Na],  [K],  and  kallikrein.   A  radioimmunoassay  was  used  to  measure  kallikrein. 
Initial  results  reveal  changes  in  kallikrein  during  expansion.   The  relationship 
of  kallikrein  to  the  other  measured  variables  is  not  clear  at  this  time. 
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Objective:   A  relationship  between  urinary  excretion  of  kallikrein  and  salt 
handling  by  the  kidney  has  been  postulated  for  some  time.   Previous  studies 
have  reported  conflicting  results  and  model  systems  have  not  been  standardized. 
This  study  was  designed  to  evaluate  the  response  of  the  kidney  in  terms  of 
kallikrein  excretion,  to  acute  volume  expansion,  performed  in  conscious  animals, 
similarly  prepared  and  expanded.   Kallikrein  has  also  been  tentatively  assigned 
a  role  in  blood  pressure  regulation,  therefore  its  interaction  with  volume, 
salt,  and  the  kidney  is  of  great  interest. 

Methods: 

1.  Animal  preparation- Female  SD  rats  weighing  between  200-270  grams 
were  anesthetized  with  sodium  pentobarbital.   The  urinary  bladder  was  cathe- 
terized  with  PE  50  tubing,  sutured  in  places.   The  right  external  jugular  vein 
was  cannulated  with  PE  50  tubing,  which  was  tunneled  sub-cutaneously  to  exit 
at  the  mid-back.   The  rats  were  then  placed  in  specially  designed  rat  holders, 
which  provided  the  necessary  restraint  without  significant  discomfort  for  the 
animal.   The  operative  procedure  was  carried  out,  the  night  before  the  infusion 
experiment,  and  all  animals  were  allowed  a  minimum  of  14  hours  recovery  time. 

2.  6  major  and  2  minor  groups  were  defined. 

a)  Group  1  -  20%  expansion  of  ECV  c  0.9%  saline 

b)  Group  2  -  20%  expansion  of  ECV  c  D  /H  0 

c)  Group  3  -  20%  expansion  of  ECV  c  0.9%  saline  then  continued  replace- 
ment of  urine  output  to  maintain  saline  diuresis. 

d)  Group  4  -  20%  expansion  of  ECV  c  Di-/H„0  and  continued  replacement 
of  urine  output  to  maintain  water  diuresis. 

e)  Group  5  -  15%  expansion  of  total  body  sodium  (calculated  as  45  meq/ 
kg  body  wgt)  c  3%  saline. 

f)  Group  6  -  Initiation  of  saline  diuresis  c  20%,  replacement  for  4 
hours  of  urine  output  c  0.9%  saline,  then  replacement  of  urine  output  for  5 
hours  c  a  solution  of  0.9%  saline  and  25%  bovine  albumin  (6.5  ml/kg). 

g)  Group  7  -  20%  expansion  with  D  /H„0  for  one  hr.  then  a  3  hour  collec- 
tion followed  by  20%  with  NS  and  two  hours  of  collection. 

h)   Group  8  -  As  in  group  7  but  with  the  order  of  D5  and  NS  reversed. 

Groups  1-6  contained  8  animals  per  group,  groups  7-8  each  had  4  animals. 

3.  All  urine  samples  were  collected  in  1  hour  periods  starting  one  hour 
preinfusion  and  continuing  for  6  hours.   Expansions  and  volume  replacement 
took  place  over  1  hr.   Separate  aliquots  of  urine  were  prepared  for  sodium  and 
potassium  determination  and  kallikrein  measurement.   The  samples  for  kallikrein 
were  placed  in  tubes  containing  0.025%  sodium  azide  and  all  urine  samples  were 
quick  frozen  in  dry  ice  and  stored  until  evaluated. 

4.  Urinary  Na  and  K  were  measured  by  flame  photometry.   Kallikrein 
was  measured  by  both  radioimmunoassay  and  a  radiochemical  technique. 
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5.   Statistical  analysis  was  performed  with  a  special  program  for  MOVA 
for  experiments  with  repeated  measures,  and  a  student  T  test. 

Results; 

1.  The  design  of  the  experiment  required  that  the  animals  be  conscious. 
As  rats  are  very  susceptible  to  stress,  holders  were  designed  that  provided 
the  necessary  restraint  with  maximum  freedom.   Rats  kept  in  the  holders 

for  periods  up  to  24  hrs.  demonstrated  no  excessive  irritability. 

2.  20%  expansion  of  the  extracellular  space  is  equivalent  to  4% 
expansion  of  total  body  weight.   Expansion  of  this  degree  provides  observable 
change  in  urinary  volume  and  salt  excretion.   Total  body  water  was  assumed  to 
be  66%  of  body  weight  while  ECV  was  assumed  to  be  33%  of  total  body  water. 

A  review  of  the  literature  supplied  this  information. 

3.  Evaluation  of  the  raw  data  revealed  significant  intragroup  variation. 
This  is  not  unexpected  in  whole  animal  studies,  and  appropriate  group  size 
was  used  to  allow  legitimate  statistical  analysis.   Base  line  equilibration 
periods  were  similar  between  groups. 

4.  Four  factors  were  evaluated:  Absolute  amounts  of  Na,  K,  and  kalli- 
krein  excreted  and  urinary  volume.  The  following  tables  are  mean  values  for 
each  group. 

In  group  1,  normal  saline  expansion  alone  produced  similar  but  lesser 
magnitude  changes  as  in  group  3. 

In  group  2,  D5W  expansion  alone  produced  similar  but  lesser  magnitude 
changes  as  in  group  4. 

In  group  3,  normal  saline  diuresis  produced  persistent  increases  in  urine 
volume  and  sodium  excretion  but  only  transient  early  increases  in  potassium 
or  kallikrein  excretion. 

In  group  4,  D5W  diuresis  produced  marked  increases  in  urine  volume  but 
only  minimal  changes  in  sodium,  potassium  or  kallikrein  excretion. 

The  data  on  the  3%,  NS-Albumin,  and  dual  expansion  groups  are  incomplete  at 
this  time. 

5.  Analysis  of  variance  for  the  data  revealed: 

Na  K         V  Kal 

Group  1  NS   sig. 

Group  2  D5W  non-sig. 

Group  3  NSD  sig. 

Group  4  D5D  non-sig. 

Key:   V=volume    NS=normal  saline     D5=5%  dextrose  water     Na=sodium 
K=potassium     D=diuresis      Kal=kallikrein 


szc 


non-sxg. 

sig. 

Slg. 

sig. 

sig. 

sig. 

non-sig. 

sig. 

sig. 

sig. 

slg. 

non-sig 
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This  table  presents  the  results  of  ANOVA  within  each  group.   As  can  be  noted, 
expansion  provided  the  significant  increase  in  urinary  volume,  and  sodium 
loading  significantly  changed  sodium  excretion.   The  pattern  of  relationship 
between  kallikrein  excretion  and  the  other  variables  is  not  completely  clear 
at  this  point,   i.e.,  Kallikrein  changes  with  both  sig.  and  non-sig.  changes  in 
urinary  volume,  sodium,  and  potassium.   Further  evaluation  of  trends,  and 
completion  of  the  additional  groups  will  be  necessary  before  final  conclu- 
sions are  drawn. 

Significance  of  Findings: 
The  control  of  volume  is  crucial  for  an  organism' s  survival .   Control 
of  salt  and  water  excretion  is  central  to  volume  regulation.   The  kallikrein- 
kinin  system  both  alone  and  through  connection  to  other  renal  mechanisms  has 
been  postulated  to  play  a  major  role  in  this  control.   For  the  most  part  these 
conclusions  are  based  on  data  provided  from  experiments  in  animal  preparations 
not  carefully  standardized.   The  present  experiments  attempt  to  provide 
answers  to  basic  questions.   These  are  acute  studies  and  are  limited  to 
relatively  short  term  changes.   However  the  degree  of  expansion  is  well 
within  the  range  of  normally  tolerated  physiologic  changes,  and  has  been 
demonstrated  to  significantly  modify  measured  variables  in  the  system.   If 
no  definitive  relationship  exists  between  kallikrein  and  volume  control  in 
the  acute  state,  this  does  not  preclude  a  role  for  the  system  in  chronic 
adaptation  to  changes  in  salt  and  water  metabolism. 

Proposed  Course: 

1.  To  complete  the  groups  noted  above. 

2.  To  study  the  effect  of  restraint  in  the  holders  on  the  measured 
variables. 

3.  To  study  the  effect  of  acute  potassium  loading  on  kallikrein  excre- 
tion. 

4.  To  evaluate  the  role  of  the  kallikrein-kinin  system  in  renal 
"escape"  from  the  effects  of  deoxycorticosterone.   This  will  be  done  with  chronic 
balance  studies  and  kallikrein  inhibition. 

5.  To  apply  more  specific  statistical  methods  to  evaluate  for 
relationships  between  Na,  K,  Vol,  and  kallikrein. 
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The  research  of  our  section  represents  a  broad  based  approach  to  the 
understanding  of  neuronal  systems.   In  the  past  year  increasing  attention  has 
been  devoted  to  protein  phosphorylation,  calcium-calmodulin  mediated  reactions 
and  neuronal  interactions  as  modulators  of  neurochemical  systems.   The  primary 
direction  of  the  work  is  toward  understanding  neural  regulation  of  blood 
pressure  although  many  of  the  studies  have  considerable  relevance  to  neuro- 
logical and  mental  illnesses. 

I.   Aminergic  Systems 

Catecholamines  and  serotonin  serve  as  neurotransmitters  in  the  central 
nervous  system.   The  biosynthesis  of  these  neurotransmitters  in  each  case  is 
regulated  by  the  initial  aromatic  amino  acid  hydroxylase.   These  enzymes  are 
tyrosine  and  tryptophan  hydroxylase  respectively.   In  prior  years  considerable 
effort  has  been  devoted  to  characterizing  these  enzymes  from  both  a  molecular 
and  regulatory  point  of  view. 

Tyrosine  hydroxylase  is  a  mixed  function  oxidase  catalyzing  the  conver- 
sion of  tyrosine  to  DOPA  and  requiring  molecular  oxygen  and  tetrahydrobiopterin 
cosubstrates.   Work  in  previous  years  revealed  that  this  enyzme  has  a  mole- 
cular weight  of  220,000  daltons  and  is  composed  of  4  apparently  identical 
subunits.   The  enzyme  appears  to  be  regulated  by  phosphorylation-dephosphory- 
lation  reactions.   In  the  phosphorylated  form  the  enzyme  has  increased  affinity 
for  tetrahydrobiopterin,  and  decreased  affinity  of  catecholamines  which 
serve  as  end-product  inhibitors  and  compete  with  the  reduced  pterin  for  a 
binding  site  on  the  enzyme. 

Work  has  continued  on  this  regulatory  system  and  a  modified  view  of  its 
mechanism  is  emerging.   Careful  analysis  of  the  pH  profile  of  tyrosine 
hydroxylase  indicated  that  the  form  normally  isolated  from  brain  had  a  pH 
optimum  of  about  5.8.   Following  protein  phosphorylation  this  optimim  shifted 
to  pH  6.2.   Kinetic  analysis  indicated  that  the  Michaelis  constant  for  the 
non-phosphorylated  form  of  the  enzjmie  with  regard  to  tetrahydrobiopterin  is 
pH  dependent,  increasing  at  pH  values  above  5.8.   Conversely  with  the  phos- 
phorylated form  the  K   for  tetrahydrobiopterin  (THB)  was  independent  of  pH. 
Clearly  the  regulatory  system  which  has  little  impact  on  the  enzyme  at  pH  5.8 
is  much  more  dramatic  as  physiologic  pH  is  approached.   This  observation 
has  permitted  a  further  understanding  of  the  regulatory  process.   Detailed 
kinetic  analysis  of  either  adrenal  or  brain  tyrosine  hydroxylase  at  pH  6.8 
easily  resolved  the  two  kinetic  forms.   At  this  pH,  the  activated  form  had  a 
K  for  THB  of  less  than  10~  M  whereas  the  K  for  the  inactive  form  was  greater 
tKan  10~  ,   Because  the  prevailing  tissue  concentration  of  THB  is  probably 
below  10~  M,  the  phosphorylation  of  tyrosine  hydroxylase  at  physiologic  pH 
specifically  switches  the  enzyme  from  an  essentially  inactive  form  to  a  highly 
active  form.   Analysis  of  the  kinetic  data  by  the  Eadie-Hof stee  method  allows 
quantitation  of  each  form  of  the  enzyme.   In  rat  striata  and  in  adrenal 
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medulla,  it  appears  that  about  20%  of  the  total  tyrosine  hydroxylase  is  in 
the  active  form.   If  the  enzyme  is  analyzed  in  adrenal  medulla  from  rats  that 
have  been  decapitated,  there  is  a  sharp  increase  in  the  percentage  of  the 
enzyme  in  the  active  form.   This  would  suggest  that  regulation  of  tyrosine 
hydroxylase  and  consequently  catecholamine  synthesis  is  dynamic  with  significant 
changes  in  activity  occurring  within  seconds. 

Tryptophan  hydroxylase  is  a  distinct  but  similar  enzyme  and  its  activity 
in  serotonin  neurons  accounts  for  the  regulation  of  serotonin  synthesis. 
This  enzyme  is  less  well  characterized  than  tyrosine  hydroxylase.   Recent 
studies  in  our  laboratory  suggest  it  also  has  a  molecular  weight  of  about 
220,000.   The  enzjnne  appears  to  be  oxygen  sensitive  and  is  rapidly  inactivated 
at  37°  in  an  oxygen  atmosphere.   The  activity  of  the  enzyme  can  be  largely 
recovered  by  incubating  for  24  hours  in  the  presence  of  thiols  and  ferrous 
ions.   It  appears  that  the  enzyme  is  inactivated  by  sulfhydryl  oxidation  or 
exchange  reactions.   The  recovery  of  activity  is  stimulated  by  inorganic 
sulfide  and  the  enzyme  is  strongly  inhibited  by  iron  chelating  substances 
suggesting  the  possibility  that  tryptophan  hydroxylase  may  be  an  iron- 
sulfur  protein.   This  conjecture  cannot  be  resolved,  however,  until  a  system 
to  purify  the  enzyme  is  devised.   This  is  one  of  the  continuing  objectives  of 
our  laboratory.   Tryptophan  hydroxylase  from  brain  can  also  be  further  activat- 
ed by  protein  phosphorylating  conditions.   Previous  work  suggested  that  this 
reaction  is  calcium  dependent.   In  the  current  year  we  have  demonstrated  that 
this  activation  is  both  Ca   and  calmodulin  dependent.   The  development  of 
an  affinity  column  (vide  infra)  to  quantitatively  remove  calmodulin  from 
partially  purified  enzyme  extract  has  been  used  to  demonstrate  absolute  depen- 
dence on  calmodulin  for  the  ATP-Mg   ,  Ca  -induced  activation  process.   Of 
particular  interest  is  the  observation  that  all  the  phenothiazine  antipsychotic 
agents  which  are  known  to  bind  to  calmodulin  also  inhibit  the  activation  of 
tryptophan  hydroxylase.   These  compounds  are  effective  at  pM  concentrations. 
While  the  relevance  of  this  observation  to  the  mechanism  of  action  of  these 
drugs  is  unknown,  it  has  been  reported  that  patients  receiving  these  drugs 
have  reduced  levels  of  the  serotonin  metabolite,  5HIAA  in  their  cerebrospinal 
fluid. 

Impulse  flow  and  the  associated  release  of  neurotransmitter  appears  to 
be  closely  coupled  to  regulatory  mechanisms  for  transmitter  synthesis.   Con- 
siderable evidence  exists  that  during  impulse  flow  there  is  a  rapid  influx  of 
Ca   that  leads  to  the  exocytotic  release  of  transmitter  stored  in  vesicles. 
A  continuing  line  of  experiments  suggest  that  an  alternate  method  of  release 
may  involve  a  Ca  -dependent  outward  transport  phenomenon.   In  this  system 
norepinephrine  stored  in  nerve  terminals  in  heart  slices  appears  to  be  re- 
leased by  an  active  transport  mechanism  which  resembles  the  active  reuptake 
system  that  normally  transports  the  amine  into  the  neuron  following  its  exo- 
cytotic release.   It  has  been  observed  that  extracellular  ATP  inhibits  this 
release  process  and  detailed  study  of  this  inhibition  suggests  that  both 
plasma  membrane  and  membrane  of  storage  vesicles  contain  an  amine  transport 
system  and  that  prior  to  release  these  membranes  coalesce  to  form  a  structure 
that  retains  the  active  transport  system. 

II-   Role  of  Calcium  and  Calmodulin  in  Neurotransmitter  Regulation. 

It  has  long  been  recognized  that  calcium  plays  an  important  role  in 
excitable  tissues  and  in  particular  neurotransmission.   In  recent  years  the 
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discovery  of  calmodulin,  the  protein  which  modulates  many  of  the  effects  of 
calcium,  has  permitted  increased  understanding  of  the  role  of  calcium.   One  of 
the  major  obstacles  to  studying  calmodulin  has  been  the  lack  of  a  sensitive  and 
specific  means  of  measuring  this  protein.   In  the  previous  year  we  reported 
the  development  of  an  enzyme  linked  immunoassay  following  the  preparation 
of  antisera  to  calmodulin.   This  assay  has  been  used  in  the  current  studies 
on  the  mechanism  regulating  the  distribution  of  calmodulin  between  membrane 
and  cytosolic  compartments.   Brain  tissue  contains  relatively  large  amounts 
of  calmodulin,  particularly  in  the  sjmaptosomal  membrane  fraction  (4  yg/mg  pro- 
tein) .   This  strategic  location  of  calmodulin  suggest  a  role  for  it  in  neuro- 
transmission and  receptor  mechanism.   Studies  on  the  manipulation  of  the  dopamine 
receptor  in  corpus  striatum  have  shown  that  activation  of  the  dopamine  receptor 
leads  to  a  translocation  of  calmodulin  from  the  membrane  to  the  cytosolic 
fraction.   Analysis  of  this  soluble  fraction  indicates  that  calmodulin  exists 
both  as  free  calmodulin  as  well  as  being  bound  to  the  large  molecular  fraction. 
Presumably  this  latter  portion  is  associated  with  cAMP  phosphodiesterase  and 
other  calmodulin  dependent  soluble  proteins.   After  receptor  stimulation  a 
greater  proportion  of  the  calmodulin  is  associated  with  the  large  molecular 
weight  fraction.   The  fact  that  calmodulin  has  become  bound  to  phosphodiesterase 
is  reflected  by  an  appropriate  change  in  the  kinetic  properties  of  this  enzyme. 
Thus  it  would  appear  that  the  dopamine  receptor  which  is  coupled  to  adenylate 
cyclase  is  also  involved  in  the  release  of  calmodulin  from  membrane  stores. 
This  in  turn  limits  the  action  of  the  dopamine  receptor  by  activating  phospho- 
diesterase which  catalyzes  the  hydrolysis  of  the  cAMP. 

The  description  of  calmodulin  dependent  systems  in  crude  tissue  extracts 
requires  a  system  for  specifically  and  quantitatively  removing  calmodulin. 
The  finding  that  many  of  the  phenothiazines  bind  to  calmodulin  in  a  calcium 
dependent  manner  led  to  the  development  of  an  affinity  chromatographic 
technique  for  purifying  calmodulin.   We  have  extended  this  approach  by  pre- 
paring fluphenazine  coupled  to  sepharose.   Calmodulin-f ree  extracts  can  be 
prepared  by  chromatography  on  small  pasteur  pipette  columns  in  the  presence  of 
calcium.  This  technique  has  proven  extremely  useful  in  identifying  the  nature 
of  the  protein  kinase  responsible  for  the  activation  of  tryptophan  hydrox- 
ylase (vide  supra)  and  in  our  studies  on  the  calcium  dependent  phosphorylation 
of  other  endogenous  proteins.   It  is  anticipated  that  this  technique  will 
attain  wide  use  for  the  identification  of  calmodulin  dependent-reactions. 
While  it  remains  to  be  determined  whether  a  calcium-calmodulin  dependent 
kinase  influences  catecholamine  synthesis,  synaptosomal  studies  suggest  that 
calcium  can  stimulate  tyrosine  hydroxy lation  in  cortical  synaptosomes. 
Since  Ca   does  not  affect  tyrosine  uptake  it  is  possible  that  calcium  is 
acting  through  a  protein  kinase  system.   It  is  clear  that  calmodulin  and  cal- 
cium play  key  roles  in  the  regulation  of  neurotransmission  and  work  in  our 
laboratory  increasingly  focuses  on  this  second  messenger  system. 

III.   Protein  Phosphorylation  in  Neuronal  Systems 

From  the  above  discussions  it  is  obvious  that  considerable  effort  in  our 
group  is  directed  toward  the  role  of  protein  phosphorylation  in  neuronal 
systems.   During  the  last  two  years  we  have  intiated  research  on  the  phos- 
phorylation of  endogenous  proteins  and  the  corresponding  kinases.   We  have 
observed  that  synaptosomal  membranes  from  brain  incorporate  phosphate  from 
ATP  in  the  presence  of  Mg   into  a  number  of  specific  membrane  proteins  in  a 


szr 


calcium  dependent  manner.   This  pattern  of  protein  phosphorylation  is  altered 
in  morphine-addicted  animals.   More  recently  we  studied  the  endogenous  phos- 
phorylating  system  in  synaptosomal  cytosol.   These  extracts  show  little 
phosphorylation  in  the  presence  of  EGTA.   Adding  cAMP  to  the  system  caused 
about  a  two-fold  stimulation.   Calcium,  however,  stimulates  PO,  incorporation 
about  25-fold.   This  dramatic  calcium  stimulation  is  apparent  in  a  number  of 
substrates.   However,  it  is  most  marked  with  protein  substrates  whose  molecular 
weight  are  50,  55  and  60K.   As  little  as  pM  concentrations  of  calcium 
stimulate  phosphate  incorporation.   These  phosphorylations  were  powerfully 
inhibited  by  the  anti-psychotic  fluphenazine  suggesting  that  this  cytosolic 
kinase  (s)  is  calmodulin  dependent.   Passage  of  these  extracts  through 
f luphenazine-sepharose  columns  rendered  them  unresponsive  to  calcium  without 
the  addition  of  calmodulin,  which  restored  full  activity. 

In  the  course  of  studying  the  membrane  phosphorylation  system  we 
examined  the  effects  of  heated  extracts  upon  phosphorylation.   In  addition 
to  the  calmodulin  activity,  the  heated  extracts  were  found  to  contain  another 
heat  stable  factor  which  could  stimulate  the  phosphorylation  of  a  specific 
protein  in  a  calcium  independent  manner.   We  are  currently  attempting  to 
isolate  and  characterize  this  regulatory  factor. 

As  discussed  above  there  are  protein  kinases  in  brain  that  require  cal- 
modulin and  calcium.   Other  laboratories  have  reported  that  pro-protein 
kinase  exists  in  brain  and  that  this  prokinase  can  be  activated  by  a  calcium 
dependent  protease.   We  isolated  this  prokinase  in  pure  form  and  found  that  the 
active  kinase  generated  from  this  protein  is  itself  stimulated  by  calcium  and 
may  have  calmodulin  bound  to  it.   The  role  of  the  enz5mie  generated  from  this 
prokinase  is  under  continuing  study. 

IV.   Tetrahydrobiopterin  (THB),  The  Hydroxylase  Cof actor 

The  mechanism  by  which  protein  phosphorylation  interacts  with  catechol- 
amine synthesis  is  by  changing  the  relative  affinity  of  the  hydroxylase  cofac- 
tor  and  the  end-product  inhibitor  for  tyrosine  hydroxylase.   Since  it  would 
appear  that  the  concentration  of  THB  within  many  neurons  may  be  rate-limiting 
for  this  reaction,  knowledge  of  the  concentration,  biosynthesis,  and  regula- 
tion of  the  concentration  of  THB  becomes  very  important  in  understanding  these 
transmitter  systems.   In  the  past  two  years  we  have  developed  a  sensitive 
assay  for  hydroxylase  cofactor  activity  and  in  the  past  year  applied  to  it 
several  clinical  and  biochemical  questions. 

Analysis  of  THB  has  presented  numerous  problems,  since  the  compound  is 
present  in  very  low  concentrations  in  most  tissue  and  is  readily  autooxidized. 
In  the  previous  year  we  described  a  sensitive  enzjmiic  assay  in  which  pure 
liver  phenylalanine  hydroxylase  was  used  in  the  presence  of  a  hydroxylase  co- 
factor  reducing  system.  In  the  current  year  an  extremely  sensitive  HPLC 
system  with  fluorescence  detection  of  THB  has  been  developed.   This  system 
measures  both  oxidized  and  reduced  THB  and  will  allow  better  quantitation  of 
the  whole  system. 

While  the  content  of  hydroxylase  cofactor  in  any  brain  region  appears  to 
be  relatively  low,  the  distribution  suggests  that  it  may  be  associated 
primarily  with  aminergic  systems.   Indeed,  if  the  cofactor  is  only  present  in 
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amlnergic  neurons  the  actual  concentration  within  a  nerve  terminal  would  be 
considerably  higher  and  consequently  would  have  a  significant  impact  on  how 
its  role  in  regulation  is  viewed.   In  the  corpus  striatum  the  vast  majority 
of  the  aminergic  terminals  arise  from  dopamine  cell  bodies  in  the  substantia 
nigra.   Current  experiments  have  shown  that  destruction  of  the  nigral-striatal 
pathway  results  in  an  80-90%  loss  of  hydroxylase  cofactor  in  the  striatum. 
This  important  observation  indicates  that  indeed  THB  is  specifically  contained 
in  aminergic  cells  of  the  CNS.   Since  the  dopamine  terminals  of  the  striatum 
occupy  only  a  small  proportion  of  the  tissue  mass  the  actual  concentration 
within  the  dopamine  terminal  may  be  considerably  higher  than  previously  thought. 
These  findings  would  complicate  our  understanding  of  how  tyrosine  hydroxylase 
is  regulated  were  it  not  for  our  findings  reported  above  suggesting  that  this 
enz5nne  is  essentially  inactive  at  physiological  pH  unless  it  is  in  the  phos- 
phorylated  state.  \ 

The  concept  that  the  tissue  concentration  of  THB  may  be  important  in 
the  central  synthesis  of  biogenic  amines  led  us  to  develop  systems  to  evaluate 
this  key  compound  in  man.   Systems  for  measuring  hydroxylase  cofactor  in 
cerebrospinal  fluid  (CSF)  have  been  reported  in  prior  years.   Attempts  t<\ 
correlate  this  parameter  with  CNS  amine  metabolism  have  been  partially   V 
successful.   There  appears  to  be  a  strong  correlation  between  THB  and  homci- 
vanillic  acid,  the  major  dopamine  metabolite  in  CSF.   Other  findings  are  a, 
significant  inverse  relationship  with  age  and  the  observation  that  hydroxy\ase 
cofactor  activity  is  significantly  reduced  both  in  patients  with  Parkinson'^ 
disease  and  in  certain  individuals  with  familiar  dystonia.   These  findings 
have  led  to  the  suggestion  that  administration  of  THB  to  patients  with  these\ 
neurological  diseases  may  be  helpful  in  alleviating  some  of  the  symptoms 
associated  with  the  disease.   Such  studies  are  planned.   Examination  of  a 
number  of  patients  with  affective  disorders  or  schizophrenia  have  not  revealed 
any  abnormalities  in  CSF  hydroxylase  cofactor  activity. 

V.   Post-Syanptic  Regulation. 

Work  has  continued  on  N-acetyl  transferase  in  the  pineal  gland  as  a 
model  system  for  how  cells  respond  to  neurotransmitter  stimulation.   In  this 
system  (either  Jiii  vivo  or  in  organ  culture)  pinealocytes  respond  to  6-receptor 
stimulation  by  increasing  the  amount  and  activity  of  serotonin  N-acetyl- 
transferase  (NAT).   In  vivo  the  enzyme  activity  shows  a  marked  diurnal  rhythm 
resulting  from  changes  in  nerve  impulses  arriving  at  the  gland  which  in  turn  are 
controlled  by  light  and  darkness.   Previously  we  reported  that  a-receptors 
in  the  CNS  appear  to  be  involved  in  mediating  the  light-dark  response:   a- 
receptor  blocker  delays  the  fall  in  enzyme  activity  in  dark  adapted  animals 
exposed  to  light;  conversely,  an  a-agonist  precipitates  a  fall  in  enzyme  activ- 
ity even  during  darkness.   In  recent  studies  it  has  been  observed  that 
phenoxybenzamine  can  of  itself  cause  an  induction  of  the  enzyme  both  in  vivo 
and  in  organ  culture.   Not  only  does  a-blockade  cause  an  induction  of  NAT, 
but  it  also  potentiates  the  well  known  induction  resulting  from  B-agonist 
stimulation.   Transient  stimulation  of  cAMP  content  appears  to  be  associated 
with  the  induction  of  NAT.   It  was,  however,  of  interest  to  examine  the  effects 
of  light  on  the  cAMP  content  of  the  pineal  gland  in  a  dark- adapted  rat. 
Interestingly  while  light  causes  an  immediate  drop  in  cAMP  content  by  2  min 
the  cAMP  content  has  returned  prelight  levels  and  by  7  minutes  it  is  increased 
2  to  3  fold.   This  would  indicate  that  if  a  loss  of  cAMP  is  involved  in  the 
rapid  reduction  of  NAT  activity,  then  a  reduction  in  cAMP  for  only  a  few 
seconds  is  sufficient  to  cause  the  decline  in  activity. 
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In  a  completely  separate  project  the  mechanism  by  which  the  carotid 
body  responds  to  changes  in  oxygen  tension  is  under  continuing  study.   In 
prior  years  it  was  reported  that  hypoxia  causes  a  release  of  dopamine  from 
the  glomus  cells  in  the  carotid  and  that  24  hours  after  a  hypoxic  episode  there 
is  an  increase  in  tyrosine  hydroxylase  in  these  cells.   The  type  of  receptors 
mediating  this  response  are  unknown.   In  recent  experiments  it  appears  that 
stimulation  of  muscarinic  receptors  mimics  the  response  seen  following  hypoxia. 
Also  of  interest  is  the  observation  that  carbohydrate  active  steroids  can 
also  cause  an  induction  of  the  dopamine  synthetic  machinery  in  the  carotid.   It 
is  clear,  however,  that  dopamine  release  within  the  carotid  body  plays  an 
important  role  in  the  organ's  response  to  hypoxia. 

VI.  Substance  P. 

Substance  P  is  a  neuropeptide  that  appears  to  serve  as  a  neurotransmitter 
in  several  CNS  systems.   It  has  also  been  suggested  to  serve  as  a  possible 
primary  afferent  neurotransmitter  in  the  baro-reflex.   In  the  past  year  we 
initiated  work  to  study  its  synthesis  and  metabolism.   Since  peptides  are  both 
synthesized  and  degraded  by  proteases,  enzyme  inhibitors  to  specifically  study 
these  processes  are  not  readily  available  and  can  lead  to  confusing  results.  It 
appears  that  compounds  that  were  designed  as  angiotensin  converting  enzyme 
inhibitors  are  also  effective  inhibitors  of  Substance  P  metabolism.   When  these 
compounds  are  administered  directly  into  the  brain  the  content  of  Substance  P 
increases  by  factor  of  2.   This  is  particularly  interesting  since  these  com- 
pounds are  excellent  antihypertensive  agents,  and  their  effects  do  not  seem  to 
oe  totally  related  to  the  degree  of  converting  enzyme  inhibition.   Thus  it  may 
be  possible  that  Substance  P  may  also  have  a  role  in  blood  pressure  regulation. 

A  more  well  defined  role  for  Substance  P  neurons  has  been  proposed  for 
the  nigrostriatal  dopamine  pathway.   Here  Substance  P  cell  bodies  reside 
in  the  caudate  and  send  projections  to  the  substantia  nigra  where  it  is  an 
excitatory  transmitter  and  serves  a  positive  feedback  role.   Long  term 
dopamine  receptor  blockade  apparently  causes  a  marked  increase  in  the  activity 
of  this  neuronal  system  and  causes  a  significant  decrease  in  Substance  P  levels 
probably  reflecting  an  increased  utilization  (release) .   The  levels  of  substance 
P  "rebounded"  beyond  control  levels  3  or  4  days  following  the  cessation  of 
dopamine  receptor  blockade  suggesting  that  enhanced  synthetic  capacity  had  been 
stimulated  during  the  period  of  increased  nerve  activity.   Conversely,  a 
dopamine  receptor  agonist  caused  an  acute  decrease  in  Substance  P  levels.   We 
suggest  that  this  may  be  due  to  an  accumulation  of  transmitter  following  cessa- 
tion of  impulse  flow.   In  any  case  it  is  clear  that  Substance  P  is  intimately 
involved  in  the  regulation  of  the  nigrostriatal  dopamine  pathway. 

VII.  Blood  Pressure  Regulation 

Central  regulation  of  blood  pressure  continues  to  be  one  primary  interest 
of  our  laboratory.   In  a  new  initiative  we  began  an  investigation  of  the  role 
of  central  serotonergic  systems  in  blood  pressure  regulation  .   Stimulation 
of  serotonin  neurons  in  the  dorsal  and  median  raphe  results  in  an  immediate  and 
marked  pressor  response.   This  response  was  identified  as  being  due  to 
serotonin  neuron  stimulation  both  histologically  and  by  a  variety  of  pharma- 
cological approaches.   The  circuitry  for  the  response  is  not  known  but  there 
is  evidence  that  it  proceeds  rostrally  and  is  integrated  at  the  level  of  the 
hypothalamus.   We  are  only  beginning  to  understand  the  number  and  complexity 
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of  the  neuronal  systems  in  brain  that  regulate  and  modulate  blood  pressure. 
Such  an  understanding  is  a  continuing  long  term  objective  of  our  laboratory. 

Norepinephrine  systems  in  the  brain  have  long  been  suspected  of  being 
involved  in  blood  pressure  regulation  and  several  years  ago  we  postulated 
that  there  may  be  an  inverse  correlation  between  the  activity  of  norepine- 
phrine neurons  and  blood  pressure.   During  the  past  year  we  have  observed 
that  one  can  increase  the  rate  of  norepinephrine  synthesis  by  intraventricular 
injection  of  the  precursor  tyrosine.   As  little  as  15  yg  of  the  amino  acid 
injected  by  this  route  is  also  effective  in  reducing  the  blood  pressure  in 
the  genetically  hypertensive  rats.   These  data  provide  additional  support 
for  our  concept  concerning  central  norepinephrine  and  blood  pressure. 

Another  type  of  neuron  which  are  reported  to  be  involved  in  blood  pressure 
regulation  are  the  epinephrine  containing  neurons.   Genetically  hypertensive 
rats  are  known  to  have  increased  amounts  of  phenylethanolamine  N  methyl  trans- 
ferase (PNMT)  in  their  brainstem.   In  a  separate  study  it  was  observed  by 
immunochemical  techniques  that  this  increased  enzyme  activity  is  attributable 
to  an  increased  number  of  cells  rather  than  an  increased  amount  of  enzyme  per 
cell.   The  genetic  factors  and  mechanisms  determining  the  number  of  specific 
cell  types  in  brain  is  a  subject  that  requires  much  additional  study. 

Another  focus  of  work  on  hypertensive  disease  has  been  the  interaction 
of  genetic  and  environmental  factors.   In  the  previous  report  we  found  that 
the  stroke-prone  substrain  of  the  spontaneously  hypertensive  rats  (SHR) , 
which  experience  about  80%  incidence  of  stroke  by  10  months  of  age  when  fed 
a  typical  Japanese  rat  chow,  had  less  than  20%  incidence  of  stroke  when  raised 
on  the  NIH  rat  chow.   The  only  significant  difference  between  these  diets 
appears  to  be  the  protein  content  (Japanese,  17%  and  NIH,  24%).   This  initial 
study  was  done  on  a  cooperative  basis  in  Japan.   During  the  past  year  we 
have  repeated  this  study  in  our  laboratory  and  have  obtained  similar  results. 
While  the  sodium  content  of  the  two  diets  are  similar,  the  higher  protein 
content  appears  to  stimulate  the  secretion  of  sodium.   It  is  clear  that  the 
effect  of  increased  protein  intake  goes  beyond  its  naturetic  properties  since 
the  severity  of  hypertension  is  similar  on  either  diet.   It  is  possible  that 
the  effect  is  on  vascular  structure.   We  previously  reported  that  the  rate  of 
amino  acid  incorporation  into  protein  is  much  greater  in  the  mesenteric  and 
spermatic  arteries  of  the  SHR  than  in  normotensive  animals.   We  are  currently 
establishing  methods  for  measuring  amino  acid  incorporation  in  cerebral 
vessels  and  we  plan  to  investigate  the  effect  of  dietary  protein  on  the 
cerebral  vessels.   These  studies  however  provide  another  example  of  the 
interaction  of  genetic  and  environmental  factors  in  the  pathogenesis  of 
cardiovascular  disease. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Evidence  is  presented  to  substantiate  and  more  precisely  define  the  postu- 
late that  catecholamine  neucoltransmitters  may  be  released  by  a  neuronal  trans- 
port process  distinct  from  exocytosis.   This  is  a  continuing  investigation  of  a 
model  synaptic  system  consisting  of  a  calcium  dependent  release  of   H-norepine- 
phrine  (  H-NE)  from  rat  heart  slices  incubated  in  a  Na  deficient  medium.   It 
appears  that  a  calcium  dependent  process  directs  norepinephrine  loaded  intra- 
neuronal  binding  sites  to  a  transport  site  on  the  plasma  membrane.   The  H-NE 
appears  to  be  passed  directly  from  its  binding  site  to  the  outward  transport 
system.   Amines  therefore  can  be  transported  across  an  intact  membrane  without 
involving  a  process  of  exocytosis.   Reserpine  and  Li   appears  to  disrupt  this 
process  since  they  elicit  a  calcium  independent  release  of  deaminated  metabolites. 
Studies  now  indicate  that  H-NE  is  transported  directly  from  vesicles  whose  mem- 
brane to  form  a  new  structure  that  retained  the  transport  mechanism  of  both.  Thus 
the  release  was  inhibited  by  extracellular,  energy-conserving,  phosphorylated 
nucleotides.   A  Mg-H—ATP  dependent  transport  mechanism  in  the  membrane  of 
storage  vesicles  has  been  reported. 
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Objectives:  To  study^the  effects  of  ATP  and  other  nucleotides  on  the  Ca 
dependent  release  of  H-NE  in  rat  heart  ventricle  slices  Incubated  in  Na 
deprived  (choline+)  media. 

3 
Methods:   Rat  hearts  were  labelled  with  H-NE  1^  vivo  and  then  ventricle  slices 

were  prepared  and  incubated  as  described  in  earlier  reports.   The  medium  was 
sampled  for  the  determination  of  the  total  radioactivity  to  be  used  for  cal- 
culating the  rate  of  release  of  H-compounds.   For  experiments  used  to  test  the 
effects  of  ATP  on  the  release  of  tissue  H-NE,  the  experiments  were  modified 
slightly  as  follows.   After  the  standard  preliminary  incubation  of  slices  in 
KRBS,  the  slices  were  transferred  to  standard  Na  deficient  (choline  -  Ca   ) 
medium  with  12.5  mM  NaHCO„.   The  slices  were  incubated  and  the  media  sampled 
every  20  min  for  60  min.   The  slices  were  then  transferred  to  fresh  Na 
deficient  (choline-Ca   )  medium  containing  3  ml-I  ATP  and,  either  0,  1.18  or 
2.36  mM  Mg   .   The  pH  was  adjusted  to  7.3.   The  slices  were  incubated  an 
additional  80  min  and  the  media  was  sampled  every  20  min.   For  other  experiments, 
tissues  were  dialyzed  as  described  in  previous  reports.   Rats  were  injected 
with  1-  H-NE,  killed  18  hours  later,  and  heart  slices  were  incubated  90  min 
in  KRBS.   The  slices  were  immersed  in  ice  cold  modified  KRBS  containing  1% 
of  the  usual  Ca   and  Mg   and  10%  of  the  dextrose.   Other  dialysis  solutions 
contained  either  Li  ,  K  or  choline  in  place  of  Na  .   After  18  hrs,  the  slices 
were  incubated  in  various  media  as  described  in  the  "Results." 

Major  Findings:   The  results  of  this  series  of  experiments  is  summarized  as 
follows: 

(1)  Extracellular  ATP,  at  a  concentration  of  3  mli,  had  no  effect  on  the 
release  of  H-compounds  in  slices  incubated  in  KRBS. 

(2)  Extracellular  ATP  moderately  inhibited  the  Ch  -Ca   stimulated  release. 

The  interpretations  of  results  (1)  and  (2)  are  based  upon  previous  results 
showing  that  different  processes  are  involved  in  releasing  H-compounds  in 
the  two  media.   Deaminated  metabolites  are  released  in  KRBS,  whereas  amines  are 
the  predominant  compounds  released  by  Ch  -Ca   stimulation.   Since  transport 
inhibitors  block  Ch  -Ca   stimulated  release,  it  is  concluded  that  release  of 
amines  is  mediated  by  transport  of  the  amines  through  a  diffusion  barrier. 
The  results  of  previous  experiments  reported  in  the  previous  years  indicate 
tliat~the  amines  are  released  from  intact  vesicles  located  in  close  proximity 
to  the  transport  mechanism  at  the  plasma  membrane.   The  H-NE  released  from 
these  vesicles  also  can  be  controlled  by  ATP  in  the  extracellular  medium. 
Possible  actions  of  the  nucleotide  are:  stimulation  of  the  uptake  of  released 

H-amine,  inhibition  of  outward  transport  (by  analogy  with  the  transport 
inhibitors,  cocaine  and  desipramine) ,  or  inhibit  ion  of  the  Mg  -ATP  stimulated 
transport  mechanism  in  the  membrane  of  the  vesicles. 

3 

(3)  The  uptake  of  H-NE  by  slices  incubated  in  KRBS  was  neither  stimulated 

nor  blocked  by  ATP,  unlike  cocaine,  which  blocked  transport  in  parallel 
experiments.   Therefore,  ATP  does  not  block  transport  through  the  plasma  mem- 
brane by  an  action  analogous  to  that  of  cocaine.   An  action  upon  the  membrane 
of  the  vesicle  appears  to  be  a  more  likely  site  of  the  ATP  action. 
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(4)   The  inhibition  of  release  by  extracellular  ATP  was  facilitated  by  2.5  iiiM 
Mg   .   Other  nucleotides,  including  ADP,  GTP  and  UTP,  also  inhibited  H-NE 
release.   These  effects  were  similar  to  those  reported  by  Euler  for  isolated, 
bovine  splenic  nerve  vesicles.   It  is  tentatively  concluded  that  extracellular, 
phosphorylated,  energy  conserving  nucleotides  have  access  to  the  membrane 
of  vesicles  in  adrenergic  neurons  incubated  in  Na  -deprived  (choline  -Ca   ) 
media. 

The  next  series  of  experiments  was  performed  to  study  this  problem. 
Attempts  were  made  to  study  the  effects  of  ATP  upon  neuronal  vesicles  which 
were  not  attached  to  the  plasma  membrane  transport  mechanisms.   The  effects  of 
ATP  as  these  vesicles  were  compared  with  the  effects  of  extracellular  ATP  on 
Ch  -Ca   stimulated  release. 

The  ATP  was  presented  to  the  tissues  by  the  process  of  dialysis,  with 
the  cell  membrane  acting  as  an  dialysing  membrane.   The  tissues  and  dialysing 
medium  were  kept  at  0°  for  18  hours.   During  this  time,  the  extracellular  ATP 
either  permeated  the  cell  membrane  or  penetrated  to  a  specific  site  in  the 
membrane.   The  results  of  this  series  of  experiments  follows: 

(1)  Unlike  non-dialyzed  ATP,  the  dialyzed  ATP  inhibited  the  release  of  H- 
compounds  in  tissues  subsequently  incubated  in  KRBS. 

3 

(2)  Cells  dialyzed  without  ATP  released  more  H-compounds  when  incubated  in 

KRBS  containing  cocaine.   The  evidence  thus  indicated  that  the  release  of 

H-NE  was  controlled  by  a  pump  and  leak  system.   Inhibition  of  the  Rump  pre- 
vented the  uptake  of  leaked  H-NE,  thus  increasing  the  quantity  of   H-NE  enter- 
ing the  incubation  medium. 

3 

(3)  Dialyzed  ATP  inhibited  the  release  of  H-NE  in  slices  incubated  in  KRBS 

containing  cocaine.   The  ATP  inhibited  the  leakage  of   H-NE  in  the  tissue  into 
the  extracellular  fluid  with  the  result  that  cocaine  could  not  stimulate 
release  to  the  medium. 

3 

(4)  Dialyzed  ATP  inhibited  the  release  of   H-NE  during  the  first  60  min  of 

incubation  of  slices  in  the  Ch  -Ca   medium.   Previous  studies  had  shown  that, 
without  the  ATP,  the  release  of  H-NE  during  this  time  was  not  Ca   dependent, 
nor  strongly  inhibited  by  cocaine.   Thus,  the  release  was  not  Ch  -Ca   stimulat- 
ed release,  but  was  analogous  to  the  spontaneous  release  of   H-compounds  such 
as  that  which  occurs  in  slices  incubated  in  KRBS.   After  60  min,  the  release 
from  slices  dialyzed  with  ATP  paralleled  that  from  slices  dialyzed  without  ATP. 

(5)  After  60  min,  the  release  is  Ca   dependent  and  can  be  inhibited  by  cocaine. 
Thus,  the  release  characteristics  conform  to  those  of  Ch  -Ca   stimulated, 
transport-mediated  release.   Moreover,  this  release  was  inhibited  by  ATP  in  the 
incubation  medium.   The  results  of  the  experiment  indicated  that  after  the 
vesicles  became  oriented  to  the  transport  sites  in  the  plasma  membrane,  the 
vesicles  were  accessible  to  extracellular  ATP,  and  less  accessible  to  dialyzed 
ATP. 
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(6)  Dialyzed  ATP  inhibited  the  release  of  H-NE  in  Ch  -Ca   stimulated  slices 

which  had  been  dialyzed  with  Na  ,  Li  ,  K  ,  or  Ch  .   However,  cocaine  elicited 
an  additional  increment  of  inhibition  only  in  those  slices  dialyzed  with  the 
Na  dialysis  solution,  but  not  any  of  the  other  solutions.   Thus,  intracellu- 
lar Na  would  appear  to  be  required  to  orient  the  vesicles  to  the  amine  pump 
in  the  plasma  membrane  in  Ch  -Ca   stimulated  slices. 

(7)  The  results  of  this  series  of  experiments  are  in  accord  with  the  view 
that  the  vesicles  retain  their  stores  of  H-NE  when  exposed  to  dialyzed  ATP. 
After  orientation  to  the  amine  pump,  these  vesicles  are  accessible  to  extra- 
cellular ATP.   The  effect  of  either  dialyzed  ATP  or  extracellular  ATP  on  slices 
are  similar  to  the  effects  of  ATP  on  isolated  splenic  nerve  vesicles.   The 
conclusions,  drawn  from  the  above  results  of  experiments  is  that  the  vesicle- 
membrane  coalesces  with  the  plasma  membrane  to  form  a  new  structure  which 
retains  the  transport  mechanisms  in  both. 

Significance  to  Biomedical  Research  and  Institute  Programs:   The  possible 
significance  of  these  studies  to  an  understanding  of  basic  physiological 
processes  is  the  fact  that  there  is  increasing  evidence  that  exocytosis  is 
not  the  only  mechanism  of  secretion.   The  release  processes  in  slices  incubated 
in  Na  -deficient  media  (choline  )  containing  Ca   show  numerous  parallels  to 
neurotransmission  as  discussed  in  earlier  reports.   Hence,  our  findings  are 
relevant  to  neurosecretion  and  synaptic  transmission.   Our  conclusions  out- 
lined above  indicate  the  existence  of  specific  Ca  -dependent  processes  for 
transporting  binding  sites  to  the  plasma  membrane  and  suggest  that  mobilization 
and  transport  of  NE  may  be  intimately  associated  and  possibly  are  mediated  by 
the  same  mechanism.   The  evidence  now  suggests  that  the  vesicle  and  plasma 
membranes  coalesce  to  form  a  new  structure  which  retains  the  NE  transporting 
mechanisms  of  both  membranes.   During  the  process  of  coalescence,  vesicle 
membrane  DBH  and  ATP  could  be  released  to  the  extracellular  medium. 

Proposed  C&urse  of  Project:   The  basic  structure  of  the  model  neurosecretory 
system  is  now  postulated  and  many  details  of  the  mechanisms  involved  fit 
available  data.   Such  details  as  can  be  verified  experimentally  will  be  sought. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  mechanisms  whereby  the  catecholamine  content  of  carotid  bodies  is 
regulated  by  physiologic  or  pharmacologic  stimuli  was  studied.   Short-lasting 
exposure  to  hypoxia  and  stimulation  of  muscarinic  receptors  increases  the  rate 
of  dopamine  release  without  changing  its  turnover-rate.   Neither  the  carotid 
sinus  nor  the  sympathetic  nerves  participate  in  the  modification  of  dopamine 
content  by  both  types  of  stimuli.   Injection  of  carbohydrate-active  steroids 
causes  a  transient  increase  of  dopamine  content  due  to  blockade  of  dopamine 
metabolism  and  a  long-lasting  increase  in  norepinephrine  content  which  depended 
on  an  increased  protein  synthesis. 
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Objectives;   The  carotid  body  is  a  chemoreceptor  organ  which  senses  changes  in 
the  partial  pressure  of  arterial  blood  gases.   In  mammals  the  regulation  of 
the  acute  response  to  hypoxia  is  triggered  by  stimulation  of  chemoreceptors 
located  in  the  carotid  body.   During  long-lasting  hypoxia  compensatory  changes 
in  circulation,  rate  of  respiration  and  pulmonary  gas  exchange  are  greatly 
reduced  in  the  absence  of  carotid  body  chemoreceptors.   The  glomus  cell  is 
the  most  prevalent  cell  type  in  the  carotid  body  and  may  be  involved  in  the 
control  of  chemoreceptor  afferent  discharge.   Dopamine  was  shown  to  be  the 
major  neurotransmitter  in  these  cells,  whereas  norepinephrine  is  primarily 
located  in  sjnnpathetic  nerve  endings  of  the  carotid  body  vasculature.   It  is 
of  interest  to  determine  whether  in  carotid  body  the  catecholamine  content  of 
glomus  cells  or  of  the  perivascular  sympathetic  nerve  endings  is  affected  by 
physiological  or  pharmacological  stimuli. 

Methods;   The  concentrations  of  dopamine,  norepinephrine,  dihydroxyphenylacetic 
acid  (DOPAC)  and  homovanillic  acid  (HVA)  were  measured  by  gas  chromatography- 
mass  fragmentography.   The  carotid  bodies  were  homogenized  in  0.1  N  formic 
acid  and  deuterated  analoges  of  the  catecholamines  and  metabolites  were  used  as 
internal  standards.   The  turnover-rate  of  dopamine  was  determined  by  measuring 
the  initial  decline  of  the  DOPAC  content  after  injection  of  pargyline. 

In  some  studies  transection  of  the  carotid  sinus  serve,  or  superior 
cervical  ganglionectomy  was  performed  unilaterally  5  to  7  days  before  the 
experiment. 

Major  Findings;   Effect  of  methacholine  on  dopamine  storage  in  carotid  body. 
Injection  of  methacholine  (12.5  ymol/kg)  decreases  the  dopamine  content  of  rat 
carotid  body  without  changing  the  norepinephrine  content.   This  decrease  in 
dopamine  content  is  due  to  an  increased  rate  of  release  of  this  neurotransmitter 
and  also  occurs  after  transection  of  the  carotid  sinus  nerve  or  ganglionectomy. 
Methylatropine  (21  pmol/kg)  prevents  the  decrease  of  dopamine  content  elicited 
by  methacholine.   Since  methylatropine  could  block  also  the  decrease  of  dopamine 
content  elicited  by  short-term  hypoxia  it  is  inferred  that  a  muscarinic  receptor 
may  play  an  important  role  in  the  mechanism,  whereby  the  carotid  body  senses 
changes  in  arterial  blood  gases.   In  fact,  the  release  of  dopamine  elicited 
by  exposure  to  hypoxia  can  be  curtailed  by  atropine. 

Increase  of  dopamine  and  norepinephrine  content  by  carbohydrate- active  steroids. 
Short-term  or  long-term  administration  of  dexamethasone  (1  mg/kg,i.p.)  increases 
the  concentrations  of  dopamine  and  norepinephrine  in  rat  carotid  body.   This 
increase  occurs  also  after  transection  of  the  carotid  sinus  nerve  or  ganglion- 
ectomy.  Injections  of  cycloheximide  curtail  only  the  increase  in  noradrenaline 
content  but  not  the  increase  in  dopamine  content. 

Studies  on  the  turnover  of  dopamine  in  carotid  body  revealed  that  the 
rate  of  elimination  of  DOPAC  was  reduced  more  than  50%  12  hours  following 
the  injection  of  dexamethasone,  while  the  steady  content  of  dopamine  is  in- 
creased.  From  these  results  it  was  concluded  that  the  regulation  of  dopamine 
and  norepinephrine  content  by  dexamethasone  underlies  two  different  mechanisms. 
The  increase  of  dopamine  content  is  due  to  a  reduction  in  its  metabolism, 
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whereas  the  long-term  increase  of  norepinephrine  appears  to  be  triggered  by 
a  process,  which  involves  new  protein  synthesis. 

Increase  of  dopamine  and  norepinephrine  content  by  long-lasting  exposure  to 
hypoxia.   Exposure  to  hypoxia  lasting  for  2  days  increases  the  dopamine  content 
in  rat  carotid  body,  but  fails  to  change  that  of  norepinephrine.   Exposure  to 
hypoxia  lasting  one  week  increases  the  content  of  both  dopamine  and  norepineph- 
rine.  The  levels  of  both  amines  increase  even  further,  when  the  exposure  time 
to  hypoxia  is  extended  to  2  and  4  weeks.   Denervation  of  the  carotid  body  fails 
to  prevent  this  increase.   The  specificity  of  these  changes  in  carotid  body 
catecholamine  content  is  upheld  by  the  finding  that  exposure  to  hypoxia  for  4 
weeks  fails  to  change  the  catecholamine  content  in  caudate  nucleus,  heart, 
superior  cervical  ganglia  and  adrenal  glands. 

Significance  to  Biom.edical  Research  and  Institute  Program;   The  arterial 
chemoreceptors  play  an  important  role  in  the  respiratory  and  circulatory 
response  to  hypoxia,  hypercapria  or  metabolic  acidosis.   One  of  the  main 
problems  in  carotid  body  function  is  to  understand  the  mechanism  whereby 
chemosensory  impulses  are  initiated.   To  analyze  physiologically  and  bio- 
chemically the  events  occurring  at  the  receptor  level,  it  is  necessary  to  know 
how  the  carotid  body  is  structurally  organized  and  whether  there  are  specific 
neurotransmitters  involved  in  the  chemosensory  response.   Our  studies  reveal 
that  dopamine  present  in  the  glomus  cell  is  involved  in  the  chemoreceptor 
response  during  short-  and  long-lasting  exposure  to  hypoxia. 

Proposed  Course  of  Project:   The  following  experimental  approach  is  planned 
to  improve  our  understanding  of  the  biochemical  mechanisms  involved  in  chemo- 
receptor function. 

(1)  Studies  on  the  effect  of  hypercapnia  and  metabolic  acidosis  on  the 
dopamine  and  norepinephrine  content  of  rat  carotid  bodies. 

(2)  Measurement  of  the  peptide  hormones  -  metenkephaline  and  vasoactive 
intestinal  peptide  -  in  carotid  bodies  of  dogs  during  exposure  to  hypoxia  or 
hypercapnia. 

Publications ; 

1.  Hellstrom,  S.,  Commissiong,  J.  and  Hanbauer,  I.:   Modification  of  the 
dopamine  and  noradrenaline  content  in  rat  carotid  body  by  carbo- 
hydrate-active steroids.   Neuroscience  4:1157-1162,  1979. 

2.  Hellstrom,  S.  and  Hanbauer,  I. :   Modification  of  the  dopamine  content 
in  rat  carotid  body  by  methacholine  and  hypoxia.   Proceedings  of 

the  Carotid  Body  Workshop  in  Vallidoloid,  Spain  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Persistent  stimulation  of  striatal  dopamine  receptors  increases  the 
calmodulin  content  in  the  supernatant  fraction.   This  increase  appears  to  be 
triggered  by  membrane  phosphorylation  catalyzed  by  a  cAMP-dependent  protein- 
kinase.   In  the  supernatant  fraction  prepared  from  striatal  slices  cAMP- 
phosphodiesterase  has  a  biphasic  kinetic  profile.   Incubation  of  striatal  slices 
with  dopamine  or  opiate  receptor  agonists  changes  the  biphasic  profile  to  a 
monophasic  function.   Haloperidol  prevents  the  changes  elicited  by  both  types  of 
\agonists.   In  addition,  the  changes  in  PDE  kinetic  properties  and  calmodulin 
content  elicited  by  morphine  were  also  curtailed  by  naltrexone  and  striatal 
leaf ferentation. 


PHS-6|40 

^Reu.Hn_7fi> 


sye 


Project  Number:  ZOl  HL  01847-06  HE 

Objectives:   Since  in  the  CNS  a  complex  system  of  heterogenous  inter-connected 
neurons  and  associated  neuroglia  is  operative,  the  participation  of  cyclic- 
nucleotides  in  the  synaptic  transmission  must  be  studied  along  tactical  lines. 
The  goal  of  this  study  was  to  obtain  information  in  the  molecular  mechanisms 
underlying  the  stimulation  of  dopamine  receptors.   There  exists  ample  evidence 
for  a  direct  relationship  between  dopamine  receptors  and  the  presence  of 
dopamine-sensitive  adenylate  cyclase  in  caudate  nucleus.   It  is  well  established 
that  the  cyclic  nucleotid  content  is  regulated  by  nucleotide  cyclases  and 
cyclic  nucleotide  phosphodiesterase.   Both  enzymes  are  regulated  by  a  common 
Ca  -dependent  regulator  protein  called  calmodulin. 

The  present  experiments  were  carried  out  to  evaluate  the  participation 
of  calmodulin  in  the  function  of  dopamine  receptors.   It  was  of  interest  to 
establish  how  the  compartmentation  of  calmodulin  and  the  apparent  kinetic 
properties  of  PDE  can  be  changed  during  persistent  stimulation  of  dopamine 
receptors. 

Methods:   Rat  caudate  nuclei  slices  were  incubated  in  Krebs-Ringer  solution 
pH  7.4  supplemented  with  ascorbic  acid  and  dextrose.   After  preincubation 
for  60  min  the  drug  under  study  was  added  and  the  incubation  was  continued 
for  30  min.   The  slices  were  then  drained  and  homogenized  in  0.32  M  sucrose. 
After  centrifugation  at  4000  rpm  for  10  min  the  supernatant  was  removed 
and  recentrifuged  at  39.000  rmp  for  30  min.   The  pellet-fraction  was  extracted 
with  Tris-HCl  buffer  pH  7.4  containing  0.1%  lubrol. 

The  kinetic  properties  of  cAlIP-phosphodiesterase  were  studied  in  the 
supernatant  fraction  of  striatal  homogenates.   The  content  of  calmodulin 
was  estimated  by  micro-ELISA  in  both  supernatant  fraction  and  pellet-extract 
prepared  from  striatal  homogenates.   Hemitransection  of  the  nigra-striatal 
fibre  bundle  was  performed  3  weeks  before  the  experiment. 

Major  Findings:   1.   Changes  in  striatal  calmodulin  content  elicited  by 
stimulation  of  dopamine  receptors.    Incubation  of  striatal  slices  with 
apomorphine  (10  M)  or  dopamine  (2  x  10  M)  increases  the  calmodulin  content 
in  the  supernatant  fraction  prepared  from  striatal  homogenates.   The  amount 
of  calmodulin  associated  with  cAMP-PDE  is  increased  after  persistent  stimula- 
tion of  dopamine  receptors.   Similarly,  incubation  of  striatal  slices  with 
morphone  (10  M)  increases  the  calmodulin  content  in  the  supernatant  frac- 
tion and  also  the  amount  of  calmodulin  associated  with  cAlIP-PDE.   The  central 
acting  stimulant  d-amphetamine  was  also  tested.   Since  it  was  shown  to  increase 
the  dopamine  turnover  and  to  elicit  a  transient  increase  in  striatal  cAMP 
content.   d-Amphetamine  injected  intravenously  45  min  before  killing  of  the 
rats  increases  the  calmodulin  content  in  the  supernatant  fraction  prepared 
from  striata. 

2.   Changes  in  the  kinetic  properties  of  cAMP-PDE  in  striatal  slices. 
In  control  conditions  cAMP-PDE  in  striatal  slices  exists  in  at  least  two 
kinetic  forms,  one  with  a  low  and  one  with  a  high  K  for  cAMP.   After  incuba- 
tion with  dopamine  receptor  agonists  the  biphasic  double  reciprocal  plot  of 
initial  velocity  versus  cMIP  contentration  appears  as  a  monophasic  one. 
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Haloperidol  (10  M)  prevents  this  change.   Transection  of  the  nlgra-striatal 

fibre  bundle  by  Itself  does  not  change  the  kinetic  profile  of  striatal  cAMP- 

PDE.   In  slices  prepared  from  deafferented  striata  activation  of  dopamine 

receptors  still  elicits  a  decrease  In  the  K  for  cAl'IP  Indicating  that  cai- 
rn 
modulin  and  the  calmodulin  actlvatable  cAMP-PDE  are  located  In  post-synaptlc 

neurons. 

Incubation  of  striatal  slices  with  morphine  (10  M)  lowers  the  K  for 
cAMP  and  changes  the  kinetic  profile  from  blphaslc  to  monophaslc.   These 
changes  In  the  apparent  K  for  cAMP  elicited  by  morphine  can  be  blocked  by 
haloperidol  (10  M)  and  by  naltrexon  (10  ^M) .   In  slices  prepared  from 
deafferented  caudate  nuclei  morphine  (10  M)  falls  to  cause  a  change  In 
the  kinetic  properties  of  cAliP-PDE.   Injection  of  d-amphetamine  elicits  a 

decrease  In  K  for  cAMP  of  striatal, 

m 

Significance  to  Biomedical  Research  and  Institute  Programs:   Considerable 
attention  has  been  paid  to  cyclic  nucleotides  and  their  regulation  in  various 
tissues  and  various  pathological  states.   Since  cAMP  participates  as  a 
second  messenger  linking  receptor  activity  to  biochemical  processes,  our 
studies  on  the  response  to  dopamine  receptor  stimulation  are  of  Interest 
for  the  clarification  of  the  action  mechanism  of  neuroleptic  and  narcotic 
drugs. 

Proposed  Course  of  Project:   The  functional  role  of  second  messengers  on 
the  regulation  of  neurotransmitter  responses  will  be  extended  to  other 
neuronal  systems,  which  form  synaptic  interconnections  with  the  striatal 
dopaminergic  neurons.   The  input  on  dopamine  receptor  activation  by  glutaminer- 
glc  or  gabaminerglc  neurons  will  be  studied  using  calmodulin,  adenylate  cyclase 
and  cMIP-PDE  as  biochemical  indices. 

Publications; 

1.  Hanbauer,  I.,  Gimble,  J.  and  Lovenberg,  W. :   Changes  in  soluble 
calmodulin  following  activation  of  dopamine  receptors  in  rat 
striatal  slices.   Neuropharmacology,  18:  851-857  (1979). 

2.  Hanbauer,  I.,  Gimble,  J.,  Sankaran,  K.  and  Sherard,  R. :   Modulation 
of  striatal  cyclic  nucleotide  phosphodiesterase  by  calmodulin: 
Regulation  by  opiate  and  dopamine  receptors.   Neuropharmacology 

18:  859-864  (1979). 

3.  Hanbauer,  I. :   Calmodulin  In  dopamine  receptor  function.  In: 
Psychopharmacology  and  Biochemistry  of  Neurotransmitter  Receptors 
(Olson,  R,  Usdln,  E.  and  Yamamura,  H. ,  eds.),  M.  Sekker,  Philadelphia 
(In  press) . 

4.  Hanbauer,  I.  and  Costa,  E. :   Role  of  calmodulin  in  dopaminergic  trans- 
mission.  ^:  Calcium  and  Cell  Function  Calmodulin  (Cheung,  W.Y., 

ed) ,  Vol.  1,  Acadmiec  Press,  New  York  (In  press). 
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Hanbauer,  I. :   Participation  of  calmodulin  in  the  regulation  of 
dopamine  receptors.   In:   Catecholamine  Basic  and  Clinical 
Frontiers.  Usdin,  E. ,  Kopin,  I.J.  and  Barchase,  J.,  eds., 
Pergamon  Press,  N.Y.,  1979,  pp.  1212-1214. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  role  of  protein  metabolism  in  the  vasculature  has  been  investigated 
with  regard  to  the  pathogenesis  of  hypertension  and  stroke  in  genetic  animal 
models.   Based  on  our  previous  observation  that  incorporation  of  amino  acids  into 
vascular  proteins  In  young  spontaneously  hypertensive  rats  was  significantly 
increased,  we  attempted  to  set  up  a  system  for  measuring  amino  acid  incorporation 
into  brain  microvessels.   This  has  been  successful.    Nutritional  studies  have 
demonstrated  that  the  incidence  of  stroke  in  the  stroke-prone  substrain  of 
the  gentically  hypertensive  is  related  to  the  protein  intake.   This  would  suggest 
a  possible  correlation  between  dietary  protein  and  vascular  structure  although 
this  remains  to  be  determined. 
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Objectives:   Vascular  protein  synthesis  and  wall  structure  may  be  important 
parameters  in  the  pathogenesis  of  stroke  and  hypertension.   In  prior  years 
we  had  shown  that  the  rate  of  amino  acid  incorporation  into  peripheral  vas- 
cular protein  of  hypertensive  animals  is  increased.   The  object  of  work  in 
the  current  year  is  to  determine  whether  cerebral,  vessels  isolated  by  bio- 
chemical techniques  demonstrate  the  same  phenomenon  and  whether  this  vascular 
protein  synthesis  in  any  way  relates  to  the  incidence  of  stroke  in  the 
genetically  stroke-prone  rats.   We  also  wished  to  determine  the  effect  of 
dietary  protein  on  the  incidence  of  stroke  in  stroke-prone  animals. 

Methods:   Cerebral  microvessels  were  isolated  by  modifications  of  established 
techniques.   Incorporation  of  radioactive  lysine  into  the  protein  of  these 
vessels  was  measured  2  hours  after  a  pulse  injection.   Blood  pressures  were 
monitored  by  tact-cuff  plethysmography.   For  nutritional  experiments  animals 
were  obtained  either  from  NIH  small  animal  section  or  the  Stroke-Prevention 
Center  in  Izumo,  Japan.   Starting  at  6  weeks  of  age  animals  were  maintained 
in  randomly  divided  groups  for  up  to  10  months  of  age.   At  this  age  animals 
which  had  not  succumbed  to  stroke  were  sacrificed  and  their  brains  examined 
histologically. 

Major  Findings:   Substantial  effort  was  devoted  developing  a  system  for 
the  clean  separation  of  brain  microvessels.   The  final  proceudre  gave  relatively 
pure  preparations  of  vascular  material.   We  next  attempted  to  measure  the 
rate  of  amino  acid  incorporation.   The  incorporation  of  amino  acids  was  easily 
measured  in  both  the  collagen  and  non-collagen  protein  of  the  preparation. 
In  fact  the  rate  of  incorporation  is  significantly  greater  than  that  seen  in 
mesentric  vessels.   We  are  currently  determining  whether  the  difference  seen 
previously  in  the  peripheral  vessels  of  the  spontaneously  hypertensive  rats 
is  also  seen  in  the  cerebral  microvessels.   Comparison  of  amino  acid  incor- 
poration in  the  brain  microvessels  in  stroke-prone  animals  will  be  done  since 
it  may  be  weakness  in  these  vessels  that  leads  to  stroke. 

In  the  previous  year  we  reported  a  cooperative  study  done  in  Japan  in 
which  stroke-prone  rats  from  either  the  NIH  or  the  Izumo  colony  were  maintained 
during  the  1st  10  months  of  life  on  either  Japanese  rat  chow  or  NIH  rat  chow. 
The  striking  finding  was  that  animals  maintained  on  the  NIH  diet  had  almost 
no  stroke  whereas  60%  of  the  animals  on  the  Japanese  diet  had  neurological 
symptoms  of  stroke  and  80%  had  cerebral  lesions  upon  autopsy.   The  only  major 
difference  in  the  two  diets  appeared  to  be  the  protein  content  (NIH,  24%; 
Japanese,  17%) .   During  the  past  year  we  have  repeated  this  experiment  in  our 
laboratory.   Male  stroke-prone  spontaneously  hypertensive  rats  were  divided 
into  2  groups  of  35  each  at  about  5  weeks  of  age  and  maintained  either 
Japanese  or  NIH  rat  chow.   By  9  months  of  age  the  mean  body  weight  of  the  two 
groups  was  identical  305  gm.   Blood  pressures  were  slightly  higher  in  the 
animals  receiving  the  NIH  rat  chow  (233  ±  9  mm  Hg  vs  211  ±  3  mm  Hg) .   Histo- 
logical examination  of  the  brain  indicated  80%  incidence  of  stroke  on  the 
Japanese  and  less  than  20%  on  the  NIH  diet.   This  confirms  our  previous  exper- 
iment and  suggests  that  the  amount  and  quality  of  protein  in  the  diet  can  effect 
the  incidence  of  stroke. 
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Significance  to  Biomedical  Research  and  Institute  Programs:   The  identification 
of  risk  factors  associated  with  cardiovascular  disease  is  one  of  the  prime 
objectives  of  the  NHLBI.   Based  on  our  studies  with  the  stroke-prone  spontan-    i 
eously  hypertensive  rat  it  would  appear  that  while  hypertension  is  one  of  the    ^ 
major  risk  factors  for  stroke,  this  factor  appears  to  be  modified  by  the 
dietary  protein  intake.   If  these  findings  can  be  extended  to  man,  a  preliminary 
epidemiologic  study  in  Japan  supports  this  effect,  than  our  view  on  the  pre- 
vention of  stroke  will  be  altered. 

Proposed  Course  of  Project;   In  the  coming  year  we  plan  to  examine  the  effect 
of  dietary  protein  on  the  rate  of  protein  synthesis  in  cerebral  microvessels . 


Publications: 

1.  Yamori,  Y.,  Horie,  R. ,  Ikeda,  K. ,  Nara,  Y.  and  Lovenberg,  W. :   Prophylac- 
tic effect  of  dietary  protein  on  stroke  and  its  mechanisms.   In:   Per- 
spectives in  Cardiovascular  Research,  Arnold  M.  Katz  (Series  ed.).  Vol.  4, 
Prophylactic  Approach  to  Hypertensive  Diseases,  (Y.  Yamori,  W.  Lovenberg, 
and  E.  Fries,  eds.).   Raven  Press,  N.Y. ,  1979,  pp.  497-504. 

2.  Yamori,  Y. ,  Nara,  Y. ,  Horie,  R. ,  Ooshima,  A.  and  Lovenberg,  W. :   Patho- 
physiological role  of  taurine  in  blood  pressure  regulation  in  stroke- 
prone  spontaneously  hypertensive  rats  (SHR) .   In:   The  Action  of  Taurine 
on  Excitable  Tissue,  (S.  Schaffer  and  S.  Baskin,  eds.)  Spectrum  Press, 
N.Y. ,  1979  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  primary  goal  of  these  studies  is  an  understanding  of  the  regulation  of 
tyrosine  hydroxylase  in  the  central  nervous  system.   We  have  previously  shown 
an  activation  of  the  soluble  enzyme  by  phosphorylation  or  catecholamine 
removal.   Tyrosine  hydroxylase  activity  is  now  being  studied  in  a  synaptosomal 
system,  which  provides  conditions  more  similar  to  those  found  in  vivo.   Synap- 
tosomes  prepared  from  mouse  whole  brain,  rat  striatum  and  rat  cortex  have  been 
used  to  study  the  regulation  of  tyrosine  hydroxylase.   Addition  of  calcium 
increases  tyrosine  hydroxylase  activity  in  synaptosomes  from  mouse  whole  brain 
and  rat  cortex,  but  not  rat  striatum.   In  addition,  we  have  found  that  tyrosine 
hydroxylase  activity  in  whole  brain  and  cortical  synaptosomes  is  affected  by 
extrasynaptosomal  tyrosine  concentration,  and  that  addition  of  calcium  changes 
the  kinetics  of  tyrosine  hydroxylase  for  tyrosine.   Tyrosine  hydroxylase 
activity  in  striatal  synaptosomes  did  not  show  this  tyrosine  dependency. 
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Objectives:   As  the  rate-limiting  enzyme  in  catecholamine  biosynthesis  in  the 
central  nervous  system,  tyrosine  hydroxylase  is  intimately  involved  in  the 
regulation  of  neurons  utilizing  catecholamine  neurotransmitters.   In  previous 
reports  we  have  described  some  aspects  of  regulation  of  tyrosine  hydroxylase 
activity  in  soluble  enzyme  preparations.   The  objective  of  our  continued 
studies  is  to  better  describe  the  mechanisms  involved  in  regulation  of 
tyrosine  hydroxylase  activity  under  conditions  more  similar  to  those  found 
in  vivo.   This  preparation  allows  us  to  study  several  of  the  factors  in- 
volved in  regulation  of  the  enzyme,  including  concentration  of  substrate  and 
cof actor,  end-product  inhibition,  ion  effects,  and  their  interactions.   Since 
many  drugs  which  have  been  shown  to  affect  norepinephrine  and  dopamine  turn- 
over in  vivo  have  not  been  shown  to  affect  tyrosine  hydroxylase  activity  using 
a  soluble  enzyme  assay,  we  will  investigate  the  effects  of  drugs  administered 
in  vivo  on  tyrosine  hydroxylase  activity  in  synaptosomal  preparations. 

Methods:   Synaptosomes  were  prepared  from  mouse  whole  brain  and  rat  striatum 
using  standard  procedures.   The  crude  synaptosomal  pellet  or  synaptosomes 
purified  on  a  sucrose  density  gradient  were  resuspended  in  a  modified  Krebs 
buffer  without  calcium  and  containing  0.32  M  sucrose.   Tyrosine  hydroxylase 
activity  was  quantitiated  by  measuring  formation  of  tritiated  water  after 
addition  of  H-tyrosinej.   For  the  standard  assay  each  tube  contained  150- 
250  yg  protein,  5  x  10  M  unlabeled  tyrosine  and  Ca  -free  or  Ca  -buffer 
(final_Ca   concentration  =  1  mM) .   Tyrosine  concentrations  were  varied  from 
5  X  10  M  to  1  x  10  M.   Tubes  were  incubated  at  37°C  for  10  min.   The  reac- 
tion was  stopped  with  0.4  ml  5%  TCA.   Samples  were  put  over  columns  contain- 
ing Dowex  50  X  4,  activated  charcoal  and  Dowex  1x2;  the  columns  were  washed 
twice  with  0.7  ml  H„0.   The  effluent  was  collected  in  scintillation  vials  and 
H„0  was  quantitated  by  liquid  scintillation  spectrometry. 

2+ 
Uptake  of  tyrosine  and  Ca   into  synaptosomes  was  determined  by  putting 

the  reaction  mixture  over  a  Millipore  filter.   The  filters  were  then  dissolved 

in  scintillation  fluid  and  the  amount  of   H- tyrosine  or   Ca   taken  up  was 

determined  by  liquid  scintillation  spectrometry. 

2+ 
The  effects  of  Ca   on  basal  catecholamine  release  was  determined  using 

synaptosomes  preloaded  with  H-dopamine  (striatal)  or  H-norepinephrine 

(whole  brain  and  cortical) . 

Major  Findings:   Tyrosine  uptake  into  the  synaptosomal  preparations  was  rapid 
and  essentially  complete  after  two  minutes  exposure  to  various  tyrosine 
concentrations  (5  x  10~  ,  1  x  10~  ,  2  x  10~  ,  5  x  10~   and  1  x  10~  M) . 
Tyrosine  uptake  was  essentially  linear  over  this  concentration  range. 

In  synaptosomes  obtained  from  mouse  whole  brain  and  rat  cortex  the  rate 
of  tyrosine  hydroxylation,  expressed  as  pmole  DOPA/mg  protein/min,  is  depen- 
dent on  the  concentration  of  tyrosine  in  the  external  media.   The  rate  of 
formation  of  DOPA  is  linear  up  to  50  yM  and  begins  to  be  saturated  at  100  yM. 
Conversely,  in  synaptosomes  obtained  from  rat  striatum  the  rate  of  tyrosine 
hydroxylation  is  not  dependent  on  the  concentration  of  external  tyrosine, 
the  relationship  between  tyrosine  hydroxylation  and  tyrosine  concentration  being 
flat  over  the  range  of  tyrosine  concentrations  tested. 
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„   The  rate  of  tyrosine  hydroxylation  can  also  be  affected  by  addition  of 
Ca   into  the  incubation  medium.   In  mouse  whole  brain  and  rat  cortical 
synaptosomes  addition  of  Ca   increases  tyrosine  hydroxylase  activity.   The 
rate  of  tyrosine  hydroxylation  was  higher  at  each  concentration  of  tyrosine 
except  for  100  yM  in  mouse  whole  brain  and  5  and  10  yM  in  rat  cortex.   The 
rate  of  tyrosine  hydroxylation  in  striatal  synaptosomes  was  unaffected  by 
addition  of  Ca   to  the  incubation  medium.   This  difference  is  not  due  to 
altered  Ca   uptake  since  the  uptake  of   Ca  into  mouse  whole  brain  and  rat 
striatal  synaptosomes  was  not  significantly  different. 

2+ 
To  further  study  the  discrepancy  between  the  effect  of  tyrosine  and  Ca 

on  tyrosine  hydroxylase  activity  in  these  synaptosomal  preparations,  we 

studied  tyrosine  uptake  and  basal  catecholamine  release. 

Tyrosine  uptake  is  essentially  linear  and  similar  in  both  rat  striatal 
and  mouse  whole  brain  synaptosomes.   In  neither  preparation  did  addition  of 
Ca   cause  an  increase  in  tyrosine  uptake.   In  addition  it  was  found  that 
catecholamine  release  is  the  same  in  the  presence  and  absence  of  Ca   in  all 
three  synaptosomal  preparations. 

2+ 
The  exact  mechanism  of  the  Ca  -activation  of  tyrosine  hydroxylase  is 

therefore  still  unclear,  however,  it  is  possible  that  addition  of  Ca   results 
in  activation  of  Ca  -activated  kinases,  resulting  in  increased  phosphoryla- 
tion of  the  enzyme. 

Significance  to  Biomedical  Research  and  Institute  Program:   The  regulation 
of  tyrosine  hydroxylase  activity  has  been  studied  in  soluble  enzyme  preparations 
in  an  attempt  to  understand  the  regulation  of  this  enzyme  in  vivo.   Several 
important  control  mechanisms  have  been  defined,  such  as  phosphorylation, 
cof actor  concentration  and  catecholamine  end-product  inhibition.   However,  the 
soluble  enzjmie  preparation  seems  to  lack  some  sensitivity  in  that  the  enzyme 
is  removed  from  conditions  normally  found  in  vivo,  as  evidence  by  the 
difficulty  in  observing  effects  of  drugs,  known  to  effect  catecholamine  turn- 
over or  synthesis,  on  tyrosine  hydroxylase  activity.   The  synaptosomal  pre- 
paration used  in  these  studies  provides  us  with  a  means  of  studying  the  regula- 
tion of  tyrosine  hydroxylase  under  conditions  similar  to  those  found  in  vivo. 
Such  a  system  can  provide  important  information  concerning  the  interaction  of 
drugs  with  central  catecholaminergic  neural  systems. 

The  regulation  of  tyrosine  hydroxylase  may  be  important  in  disease  states 
with  central  nervous  system  involvement.   For  example,  increasing  brain 
tyrosine  concentration  has  been  shown  to  lower  blood  pressure  in  spontaneously 
hypertensive  rats.   The  work  reported  here  may  provide  an  explanation  for 
this  phenomenon. 

Proposed  Course  of  Project:   Since  differences  were  found  between  whole  brain 
and  striatum,  the  regulation  of  tyrosine  hydroxylase  activity  in  synaptosomal 
preparations  from  hypothalamus  and  pons  medulla,  as  well  as  striatum  and  cortex 
will  be  studied.   Further  characterization  will  include  further  study  of 
tyrosine  and  ion  interactions  with  tyrosine  hydroxylase  activity  as  well  as 
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cof actor  concentrations,  end-product  inhibition  and  phosphorylation  of 
synaptosomal  proteins. 

Publications; 

1.  Young,  R.A.,  Robinson,  D.S.,  Vagenakis,  A.G. ,  Saavedra,  J.M. , 
Lovenberg,  W. ,  Krupp,  P.P.  and  Danforth,  E. ,  Jr.:   Brain  TRH, 
monoamines,  tyrosine  hydroxylase,  and  tryptophan  hydroxylase  in  the 
woodchuck.  Marmot a  Monax,  during  the  hiberation  season.   Comparative 
Biochem.  and  Physiol.  63:  319-323,  1979. 

2.  Robinson,  D.S.,  Campbell,  I.C,  Walker,  M. ,  Lovenberg,  W.  ,  Statham, 
N.J.,  and  Murphy,  D.L. :   Effects  of  chronic  monoamine  oxidase 
inhibitor  treatment  on  biogenic  amine  metabolism  in  rat  brain. 
Neuropharmacology  18:  771-776,  1979. 

3.  Raese,  J.D.,  Edelman,  A.M.,  Makk,  G. ,  Bruckwick,  E.A.,  Lovenberg,  W. , 
and  Barchase,  J.D. :   Brain  striatal  tyrosine  hydroxylase:   Activation 
of  the  enzyme  by  cyclic  AMP-independent  phosphorylation.   Comm. 
Psychopharmacol.  3:  295-301,  1979. 

4.  Lovenberg,  W. ,  Kuhn,  D.M. ,  Juskevich,  J.:   Neuronal  systems  and  their 
impact  on  blood  pressure  regulation.   ^:  Proceedings  of  the  Innisbrook 
Conference  -  Fundamental  Fault  in  Hypertension,  Elsevier,  (In  press).. 

5.  Juskevich,  J.,  and  Lovenberg,  W. :   Neuronal  regulation  of  blood 
pressure.  Jjo^i      Biochemical  Actions  of  Hormones,  Vol.  8,  Academic 
Press,  Inc.  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Dopamine- g- hydroxylase  (DBH)  from  bovine  adrenal  is  purified  to  an  apparent 
homogeneous  form  by  passing  through  a  column  of  DEAE  cellulose,  concanavalin  A 
sepharose  and  sephacryl  S-300  successively.   On  gel  electrophoresis,  this  prepar; 
tion  of  DBH  shows  only  one  band  in  the  presence  of  10%  SDS,  but  two  distinct 
bands  in  the  absence  of  SDS.   This  result  suggests  that  probably  there  is  a 
contaminating  protein  with  DBH  having  a  similar  molecular  weight  but  with 
different  charges  as  that  of  DBH.   There  is  no  significant  decrease  in  enzyme 
activity  of  DBH  after  treatment  with  glycosidases  to  remove  carbohydrate  moiety 
from  the  enzyme  molecule.   The  specific  activity  of  this  preparation  of 
DBH  is  22  ymoles/min/mg  protein. 
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Objectives:   The  main  objective  of  this  project  is  to  purify  DBH  in  pure 
form  for  the  determination  of  the  importance  of  carbohydrate  components  on 
its  biological  activity. 

Methods:   Dopamine- 3- hydroxylase  (DBH)  is  isolated  from  bovine  adrenal  medulla 
according  to  Foldes  et  al. ,  (Biochem.  J.  126:  1209-1219,  1972).   It  is  purified 
by  passing  through  a  column  of  DEAE  cellulose,  concanavalin  A  sepharose  and 
Sephacryl  S-300  successively.   The  major  peak  fraction  containing  DBH  activity 
is  concentrated  by  an  Amicon  diaflo  ultrafilter,  XMIOOA  which  generally  retains 
proteins  with  molecular  weights  higher  than  100,000  dalton.   The  homogeneity 
of  the  purified  preparation  is  examined  by  gel  electrophoresis  both  in  the 
absence  and  presence  of  SDS  (10%).   This  apparently  purified  DBH  is  treated 
with  glycosidase  enzymes  prepared  from  Diplococcus  pneumoniae.  Type  1,  to  cleave 
the  carbohydrate  moiety  from  DBH  molecule. 

Major  Findings:   Our  preliminary  results  show  that  the  carbohydrate  moiety 
can  be  cleaved  without  any  loss  of  biological  activity  of  DBH.   No  work  has 
been  done  on  this  project  in  the  current  year. 

Significance  to  Biomedical  Research  and  Institute  Programs:   DBH  is  the  final 
enz3mie  in  the  catalytic  pathway  for  the  synthesis  of  norepinephrine.   This 
enzyme  is  located  in  the  synaptic  and  chromaffin  granule  vesicles.   Upon 
nerve  stimulation  it  is  released  with  the  neurotransmitter  by  an  exocytotic 
process.   Hyperactivity  of  the  sympathetic  nervous  system  has  been  implicated 
in  the  development  and  maintenance  of  essential  hypertension  in  man  and 
experimental  models  of  hypertension  in  animals.   A  clear  knowledge  of  the 
molecular  structure  of  DBH  is  required  for  a  complete  understanding  of  its 
role  in  both  the  normal  and  pathologic  state. 

Proposed  Course  of  Project:   There  are  evidences  that  the  amount  of  serum  DBH 
is  different  in  different  individuals.   This  fact  may  be  related  to  the  current 
hypothesis  that  sialic  is  essential  for  continued  viability  of  the  glycoprotein 
in  the  circulation.   On  treating  the  native  protein  with  neuraminidase, 
galactose  is  exposed  as  the  terminal  nonreducing  sugar  of  the  protein-linked 
carbohydrate  chains  and  serves  as  a  specific  determinant  for  the  hepatic 
recognition  of  the  sialic  acid-deficient  molecules.   Hence,  our  objectives 
will  be  to  determine  the  serum  survival  rate  of  DBH  both  native  and  treated 
with  neuraminidase  or  glycosidases. 

Publications ; 

1.   Major,  L.F.,  Lerner,  P.,  Goodwin,  F.K. ,  Ballenger,  J.C.,  Brown,  G.L. 
and  Lovenberg,  W. :   Dopamine- g-hydroxylase  in  cerebrospinal  fluid: 
Relationship  to  personality  measures.   Arch.  Gen.  Psychiat.  37: 
308-310,  1980. 
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2.   Rosenberg,  R,C.,  and  Lovenberg,  W. :   Dopamine- B-Hydroxylase : 

Essays  in  Neurochemistry  and  Neuropharmacology,  Vol.  4.,  M.B.H. 
Youdim,  W.  Lovenberg,  D.F.  Sharman  and  J.R.  Lagnado,  (eds.)>  1980, 
John  Wiley  and  Sons,  Ltd.,  pp.  163-209. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Tryptophan  hydroxylase  [EC  1.14.16.4;  L- tryptophan,  tetrahydropteridine : 
oxygen  oxidoreductase  (5-hydroxylating) ]  in  rat  brainstem  extracts  is  activated 
2  to  2.5-fold  by  ATP  and  Mg   in  the  presence  of  subsaturating  concentrations  of 
the  cofactor,  6-methyltetrahydropterin  (6MPH, ) .   The  activation  requires  Mg   anc 
ATP  but  is  not  dependent  on  either  cAMP  or  cGMP.   The  effect  of  ATP  and  Mg   on 
enzyme  activity  was  enhanced  by  yM  concentrations  of  Ca   and  totally  blocked  by 
EGTA.   Finally,  removal  of  calmodulin  from  the  brain  extracts  by  affinity  chroma- 


tography on  a  column  of  fluphenazine-^Sepharcse  rendered  tryptophan  hydroxylase 
unresponsive  to  activation  by  ATP-Mg   .   The  re-addition  of  calmodulin  restored 
the  ATP-Mg  -induced  activation  only  in  the  presence  of  Ca   .   Drugs  which  bind 
calmodulin  in  vitro  also  block  the  ATP-Mg   effect  on  tryptophan  hydroxylase. 
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Objectives:   It  has  been  demonstrated  that  both  tyrosine  hydroxylase  (Loven- 
berg  £t  al,  PNAS  72:  2955-2958,  1975)  and  tryptophan  hydroxylase  (Kuhn  et  al, 
BBRC  82,  759-766,  1978)  can  be  activated  under  in  vitro  conditions  which  favor 
protein  phosphorylation.   The  activation  of  tryptophan  hydroxylase  is  somewhat 
unique  though,  requiring  Ca   and  demonstrating  no  apparent  dependence  on  cyclic 
nucleotides  (Kuhn  et^  al,  1978) .   The  purpose  of  these  continuing  studies  was 
to  determine  if  calmodulin,  the  heat-stable  calcium  binding  protein,  played 
a  role  in  the  activation  of  tryptophan  hydroxylase  by  phosphorylating  condi- 
tions. 

Methods:  Male  Sprague-Dawley  rats  were  decapitated  and  the  mesencephalic  teg- 
mentum, which  contains  essentially  all  of  the  serotonin  [5-HT]  containing 
perikarya  in  this  species,  was  rapidly  dissected  from  the  brain,  frozen  on 
solid  C0„  and  stored  in  liquid  N„ .   Tryptophan  hydroxylase  was  assayed  by  the 
method  of  Friedman  et  al  (J.  Biol.  Chem.  247:  4165,  1972)  as  modified  by 
Baumgarten  et  al  (J.  Neurochem.  21:  251,  1973).   For  phosphorylating  conditions, 
the  following  substances  were  added  to  the  incubation  mixture  (in  the  final 
concentrations  indicated):   ATP  (0.5  mM)  and  Mg   acetate  (5  mM)  . 

The  f luphenazine-Sepharose  affinity  matrix  was  prepared  and  used  according 
to  the  method  of  Charbonneau  and  Cormier  (BBRC  90:  1039-1047,  1979).   SDS-poly- 
acrylamide  slab  gel  electrophoresis  was  carried  out  according  to  the  method  of 
O'Farrell  (JBC  250:  4007-4021,  1975). 

Major  Findings:   Exposure  of  tryptophan  hydroxylase  to  phosphorylating  compon- 
ents leads  to  a  2  to  2.5-fold  stimulation  of  catalytic  activity.   This  effect 
if  rapidly  reversible.   ATP,  cAMP,  and  Mg   reduce  the  apparent  K  for  6MPII, 
from  0.21  mM  to  0.09  mM  while  having  no  effect  on  V   .   Kinetics  for  the  sub- 
strate tryptophan  were  not  changed.   The  stimulation  of  enzjmie  activity  was 
dependent  on  ATP  and  Mg   ,  but  not  upon  cAMP. 

The  divalent  cation  calcium  was  also  found  to  play  an  important  role  in 
the  activation  of  tryptophan  hydroxylase .   Concentrations  of  Ca   as  low  as 
5-10  yM  stimulate  the  ATP-Mg   effect.   Homogenization  of  brain  tissue  in  the 
presence  of  EGTA  prevented  the  activation  of  tryptophan  hydroxylase  by  ATP- 
Mg   which,  in  turn,  can  be  reinstated  by  the  addition  of  Ca   in  excess  of 
EGTA.   The  addition  of  EGTA  to  the  reaction  mixtures  also  blocks  the  ATP-Mg 
activation.   Chromatography  of  enzyme  extracts  on  a  column  of  fluphenazine- 
Sepharose,  a  process  which  removes  endogenous  calmodulin,  rendered  the  hydrox- 
ylase unresponsive  to  ATP-Mg   .   The  external  addition  of  calmodulin  (1  yM)  to 
chromatographed  Xcalmodulin-free)  enzyme  restored  the  responsiveness  of  the 
enzyme  to  ATP-Mg   .   Restoration  by  calmodulin  was  totally  dependent  on  cal- 
cium.  The  addition  to  the  phosphorylation  reaction  mixture  of  drugs  which 
are  known„to  bind  to  calmodulin  also  block  the  activation  of  the  hydroxylase 
by  ATP-Mg   .   The  drugs  most  effective  in  this  regard  come  exclusively  from 
the  family  of  agents  used  as  antipsychotics.   The  drugs  used  and  the  order  of 
their  inhibitory  potencies  (ICj^_)  are  as  follows:   pimozide>f luphenazlne>tri- 
f luoperazine>cis-f lupenthixol>naloperidol>penf luridol>chlorpromazine.   The 
inclusion  of  calmodulin  prevented  the  inhibitory  effects  of^the  antipsychotic 
drugs  on  the  activation  of  tryptophan  hydroxylase  by  ATP-Mg 
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Significance  to  Biomedical  Research  and  Institute  Programs;   Phosphorylation 
of  a  protein  (tryptophan  hydroxylase)  may  play  a  primary  role  in  converting 
tryptophan  hydroxylase  to  the  low  K  ,  activated  form.   This  mechanism  is 
potentially  very  important  in  the  ^  vivo  regulation  of  TPH  activity  and 
correspondingly,  in  5-HT  synthesis.   Since  TPH  is  not  inhibited  by  its  end- 
product  serotonin,  it  is  not  likely  that  changes  in  the  intra-neuronal  con- 
centrations of  serotonin  would  alter  enzyme  activity  except  under  very  extreme 
circumstances.   Therefore,  the  activation  of  TPH  by  a  protein  phosphorylating 
system  is  perhaps  the  single  most  important  mechanism  by  which  TPH  responds 
to  increased  demands  for  5-HT. 

The  activation  of  tryptophan  hydroxylase  by  ATP-Mg   certainly  suggests 
that  a  phosphorylation  reaction  is  involved.   This  mechanism  is  novel,  however, 
in  that  it  is  not  dependent  on  cyclic  nucleotides.   Furthermore,  Ca   and  cal- 
modulin were  found  to  play  an  important  role  in  the  activation.   The  present 
use  of  ligand  specific  affinity  chromatography  to  identify  a  calmodulin  depen- 
dent enzyme  reaction  represents  the  first  such  use  of  this  methodology.   Final- 
ly, the  ability  of  antipsychotic  drugs  to  inhibit  the  in  vitro  activation  of 
tryptophan  hydroxylase  suggests  that  the  in  vivo  mechanism  of  action  of  this 
class  of  drugs  may  include  binding  to  calmodulin. 

Proposed  Course  of  Project;   The  following  experiments  are  planned  to  more 
completely  assess  the  role  of  calmodulin  in  tryptophan  hydroxylation. 

1.  Purified  calmodulin  will  be  covalently  bound  to  Sepharose-4B  and  this 
affinity  matrix  will  be  used  to  purify  any  protein  kinases  binding 

to  the  gel. 

2.  Rats  will  be  treated  chronically  with  a  long  acting  antipsychotic, 
fluphenazine  decanoate.   At  weekly  intervals,  groups  of  treated 
subjects  will  be  sacrificed  and  the  brains  will  be  assayed  in  the 
presence  and  absence  of  phosphorylating  components. 

Publications: 

1.   Kuhn,  D.M. ,  O'Callaghan,  J. P.,  Juskevich,  J.,  and  Lovenberg,  W. ; 

Activation  of  brain  tryptophan  hydroxylase  by  ATP-Mg   :   Dependence 
on  calmodulin.   PNAS,  1980,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  has  been  observed  that  pH  of  the  reaction  medium  has  an  important 
influence  on  the  kinetic  properties  of  tyrosine  hydroxylase.   This  enzjmie 
appears  to  exert  in  at  least  two  activity  states.   The  highly  active  form 
(phosphorylated)  has  a  low  K  for  the  hydroxylase  cof actor  and  pH  optimum  of  6.2, 
whereas  the  inactive  form  has  a  pH  optimum  of  5.8  and  a  poor  affinity  for  the 
cof actor.   We  have  observed  that  dopamine  receptor  blockade  in  vivo  results  in  a 
rapid  activation  of  tyrosine  hydroxylase  in  the  dopaminergic  terminals  in  the 
striatum.   Because  of  the  differential  pH  optima,  the  maximum  regulatory  effect 
are  seen  at  pH  values  higher  than  6.2.   This  study  has  revealed  important 
mechsnisms  underlying  the  mechanism  of  a  number  of  antipsychotic  drugs. 
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Objectives:   The  objective  of  this  project  is  to  study  the  kinetic  regula- 
tion of  tyrosine  hydroxylase  in  the  rat  striatum.   To  do  this  we  are  seeking 
to  determine  the  optimum  conditions  under  which  the  drug-induced  changes  in 
tyrosine  hydroxylase  kinetics  are  observed.   An  attempt  is  also  made  to  . 

determine  the  time  at  which  an  apparent  tolerance  to  the  effects  of  haloperidol   I 
develops. 

Method:   Tyrosine  hydroxylase  is  assayed  using  a  slight  modification  of  the 
tritium  release  method  which  has  been  described  previously  by  Lovenberg,  £t 
al.   In  brief,  activity  is  measured  by  determining  the  amount  of  tritiated 
water  formed  during  the  conversion  of  tritiated  tyrosine  to  DOPA.   In  our 
assay  a  freshly  prepared  potassium  phosphate-ascorbate  buffer  is  used.   This 
buffer  is  prepared  by  mixing  0.5  M  K„H  PC,  with  0.4  M  ascorbic  acid  (2:1,  v/v) 
and  adjusting  the  pH  to  a  value  such  that,  after  the  addition  of  the  remaining 
components  of  the  assay  system,  the  desired  final  pH  of  the  reaction  mixture 
is  obtained. 

The  tissue  extracted  is  purified  through  a  Dowex  (50  x  4,  hydrogen  form) 
column  (0.6  X  2.0  cm)  equilibrated  with  homogenizing  buffer  to  remove  endo- 
genous catecholamines  before  the  estimation  of  tyrosine  hydroxylase  activity. 

Major  Findings:   Kinetic  properties  of  tyrosine  hydroxylase  have  been  demon- 
strated to  be  markedly  affected  by  pH  of  the  reaction  medium.   As  the  pH  of 
the  reaction  mixture  is  increased  a  marked  increase  in  K  is  observed  at  higher 
pH  (6.0-6.6)  than  the  optimum  pH  for  unactivated  tyrosine  hydroxylase  (5.8-6.0). 

When  rats  are  treated  subacutely  for  10  days  with  haloperidol  (1.0  mg/kg) 
and  the  kinetic  parameters  of  tyrosine  hydroxylase  activity  are  examined  at  1 
hour  and  23  hours  after  the  last  injection,  the  K  is  decreased  from  control 
values  at  1  hour  and  rises  above  the  control  value  at  23  hours.   In  acutely 
treated  animals  there  is  a  decrease  from  control  in  K  at  1  hour  after  injec- 
tion which  returned  to  control  levels  by  23  hours. 

In  order  to  determine  if  a  specific  subgroup  of  dopamine  receptors  is 
responsible  for  these  changes,  we  repeated  the  acute  and  subacute  experiments 
described  above  using  fluphenazine  (a  more  specific  antagonist  of  beta-DA 
receptors)  and  sulpiride  (a  selective  antagonist  of  alpha-DA  receptors).   The 
effects  of  fluphenazine  in  changing  the  rats  striatal  kinetics  are  in  the  same 
direction  as  those  produced  by  haloperidol.   But  sulpiride  decreases  in  striatal 
tyrosine  hydroxylase  activity  (with  an  increase  in  K  )  in  case  of  acute  treat- 
ment and  no  significant  change  in  tyrosine  hydroxylase  kinetics  is  observed  in 
case  of  subacute  treatment  (the  tyrosine  hydroxylase  activity  was  measured 
after  23  hours  after  the  last  injection). 

To  determine  the  approximate  time  needed  to  develop  an  apparent  tolerance 
to  the  effects  of  haloperidol,  rats  received  subacute  treatment  followed  by  a 
drug-free  interval  of  1,9  or  15  days.   A  reduced  value  in  K  is  observed  1 
hour  after  challenge  with  an  eleventh  injection  when  the  drug-free  interval 
is  short.   There  is  no  change  in  K  when  the  drug-free  interval  extends  to  2 
weeks.   In  similarly  treated  animals,  which  do  not  receive  an  acute  challenge 
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with  haloperidol,  the  K  of  TH  for  6MPH,  is  elevated  23  hours  after  the  last 
of  10  injections  and  continues  to  rise  when  the  drug-free  interval  extends  to 
1  week.   Thereafter,  the  K  decreases  towards  that  seen  in  control,  untreated 
animals. 

These  results  suggests  that  an  apparent  tolerance  to  the  effects  of 
haloperidol  develops  2  weeks  following  the  cessation  of  10  days  of  treatment 
with  haloperidol. 

Significance  to  Biomedical  Research  and  Institute  Program;   Tyrosine  hydrox- 
ylase is  the  rate-limiting  enzyme  in  the  catecholamine  biosynthesis.   Hence, 
considerable  attention  has  been  focused  on  the  mechanism  of  kinetic  regulation 
of  this  enz3rme.   The  studies  of  the  mechanisms  by  which  it  is  regulated  are 
potentially  of  great  importance  to  the  understanding  of  both  normal  and  patho- 
logic states  of  the  central  nervous  system.   Among  the  pathologic  states  that 
might  potentially  be  affected  by  these  studies  are  conditions  so  diverse  as 
essential  hypertension,  Parkinson's  disease,  Huntington's  chorea  and 
schizophrenia. 

Proposed  Course  of  Project;   Since  current  literatures  indicate  that  other 
enzymes,  such  as  cAMP-dependent  kinase,  adenylate  cyclase  and  calmodulin  are 
involved  in  the  regulation  of  tyrosine  hydroxylase  activity,  future  work  should 
be  directed  towards  the  observation  of  the  effects  of  different  drugs  on  these 
enzymes  and  correlate  them  with  the  regulation  of  tyrosine  hydroxylase  kinetics 
obtained  under  similar  conditions. 

Publications; 

1.  Lovenberg,  W. ,  Alphs,  L. ,  Bose-Pradhan,  S.,  Bruckwick,  E.  and 
Levine,  R. :   Long-term  haloperidol  and  factors  affecting  the  activity 
of  striatal  tyrosine  hydroxylase.   In;  Advances  in  Psychopharmacology, 
Raven  Press,  N.Y. ,  1979  (In  press). 

2.  Pradhan,  S.,  Alphs,  L.  and  Lovenberg,  W. ;   Characterization  of  halo- 
peridol mediated  effects  on  rat  striatal  tyrosine  hydroxylase. 
Neuropharmacology,  1980  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  biosynthesis  of  catecholamines  is  dependent  upon  the  hydroxylase  co- 


factor  tetrahydrobiopterin  (BH.) 


Since  the  concentration  of  BH,  in  brain 
tissue  is  thought  to  be  less  tRan  saturating  for  tyrosine  hydroxylase  and  that  the 


level  of  this  compound  in  CSF  may  be  reflective  of  the  concentration  in  brain,  it 
was  of  value  to  measure  the  BH,  content  in  CSF  of  selected  subjects. 

This  study  was  undertaken  to  detect  and  monitor  CSF  hydroxylase  cofactor 
activity  using  a  phenylalanine  hydroxylase  assay.   Our  studies  indicate  hydrox- 
ylase cofactor  activity  declines  with  age  in  both  normal  and  Parkinsonian 
patients.   No  significant  alteration  was  found  in  CSF  cofactor  levels  of 
schizophrenic  or  affective  disorder  patients.   We  have  reported  that  patients 
with  certain  neurological  diseases,  most  notably  Parkinson's  disease  have  reduced 
levels  of  cofactor  in  their  CSF.   In  addition,  certain  patients  with  generalized 
dystonia  have  relatively  low  CSF  cofactor  content. 
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Objectives:   Since  a  variety  of  diseases  may  result  from  defects  In  monoamine 
synthesis.  It  Is  of  Interest  to  assess  one  possible  Index  of  In  vivo  amlnerglc 
function,  I.e.,  CSF  hydroxylase  cofactor  activity.   Studies  of  neurologic  and 
psychiatric  patients  are  In  progress  In  collaboration  with  the  Biological 
Psychiatry  Branch,  NIl-IH  and  the  Neurology  Service.   In  addition,  we  will  be 
Investigating  cofactor  levels  In  human  CSF  using  an  Independent  method  of 
assay,  a  high-pressure  liquid  chromatographic  system.   Association  between  CSF 
cofactor  activity  and  disease  states,  drug  treatments  and  biologic  variables 
such  as  age,  sex  etc.  will  be  Investigated.   Our  neurological  studies  on  CSF 
cofactor  have  recently  been  expanded  to  Include  patients  with  dystonia,  as 
there  have  been  Implications  of  abnormal  amlnerglc  function  In  this  disease. 

Methods:   Two  ml  of  CSF  Is  freshly  collected  In  an  opaque  polycarbonate  tube, 
wrapped  In  aluminum  foil  to  protect  It  from  light  and  stored  In  liquid  N„ 
until  time  of  assay.   CSF  hydroxylase  cofactor  content  Is  measured  by  an 
existing  radloenzymlc  assay  which  was  modified  In  our  laboratory  as  previously 
reported  to  achieve  the  necessary  sensitivity. 

CSF  blopterln  will  be  measured  by  a  high  pressure  liquid  chromatography 
system.   Reduced  and  oxidized  forms  of  blopterln  can  be  separated  and  quantltat- 
ed  by  this  method.   Iodine  oxidation  of  biological  fluids  under  acid  conditions 
converts  all  the  reduced  forms  of  blopterln  to  the  completely  oxidized  state. 
Iodine  oxidation  under  basic  conditions  selectively  oxidizes  nonquinoid  di- 
hydrobiopterln  to  blopterln  while  converting  the  tetrahydro  and  quinoid  dl- 
hydro  forms  of  blopterln  to  other  compounds  which  do  not  appear  in  the  blo- 
pterln peak  after  HPLC  separation.   Total  blopterln  content  is  quantltated 
by  peak  height  after  separation  on  a  reverse-phase  C^ „  column. 

I-Iajor  Findings:   We  have  been  able  to  measure  hydroxylase  cofactor  content  by 
the  enzymic   assay  in  all  CSF  samples  assayed  from  patients  with  various 
neurological  diseases,  schizophrenia,  affective  disorders,  and  normal  control 
patients.   Preliminary  analysis  of  data  collected  from  schizophrenic  and 
affective  disorder  patients  Indicates  no  detectable  alterations  in  CSF  cofactor 
content  when  compared  to  normal  controls.   However,  a  larger  sample  popula- 
tion will  be  analyzed  before  these  findings  are  determined  conclusively. 
Results  from  the  neurological  and  normal  patients  populations  proved  to  be 
most  interesting.   We  have  previously  reported  that  patients  with  Parkinson's 
disease  have  a  reduced  CSF  cofactor  content  when  compared  to  control  patients 
and  that  CSF  cofactor  is  positively  correlated  with  CSF  homovanlllic  acid 
content.   Extending  our  studies  to  other  neurological  diseases,  we  observed 
a  decreased  CSF  cofactor  in  Shy-Drager  syndrome,  Steele-Richardson  syndrome, 
Huntington's  disease,  and  pre-senlle  dementia.   This  decreased  CSF  cofactor 
in  a  variety  of  neurological  disease  indicates  that  a  low  CSF  cofactor  value 
probably  reflects  generalized  amlnerglc  cell  loss  from  an  unidentified  cause 
rather  than  a  primary  defect  in  cofactor  metabolism.   In  this  regard,  we  have 
also  reported  a  decrease  in  CSF  cofactor  with  age  in  both  the  normal  popula- 
tion and  patients  with  Parkinson's  disease.   This  finding  is  consistent  with 
other  reports  of  diminishing  central  catecholaminerglc  function  with  age  and 
supports  our  contention  that  CSF  cofactor  levels  could  serve  as  an  index  of 
central  amlnerglc  cell  loss  over  time. 
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Certain  patients  with  generalized  dystonia  of  the  dominant  inheritance 
pattern  also  exhibited  relatively  low  CSF  cof actor  content.   This  finding 
along  with  our  findings  in  Parkinson's  disease  has  generated  a  great  deal 
of  interest  in  the  possibility  of  pharmacological  elevation  of  brain  cofactor 
levels  in  certain  patients  with  dystonia  and  Parkinson's  disease. 

Significance  to  Biomedical  Research  and  Institute  Programs:   (1)   It  is 
important  to  identify  the  major  determinants  of  monoamine  synthesis  and 
turnover  in  man,  and  to  assess  the  relationships  of  these  variables  to 
biologic  variables  and  disease  states.   (2)   Measurement  of  CSF  cofactor 
activities  in  patients  has  revealed  cofactor  deficiencies  in  certain  neuro- 
logical disease  states  where  impaired  monoamine  metabolism  has  been  shown  to 
be  an  etiologic  factor  (such  as  basal  ganglia  degeneration).   (3)   This  pro- 
ject will  provide  additional  insight  into  mechanisms  which  control  CNS  mono- 
amine levels  and  their  relationships  to  pathologic  conditions.   (4)   Our 
reports  of  a  decreased  CSF  cofactor  content  with  age  in  both  the  normal  and 
Parkinsonian  populations  has  increased  our  knowledge  of  changes  which  occur 
within  the  central  nervous  system  during  the  aging  process.   (5)   Our 
findings  of  reduced  cofactor  levels  in  parkinsonian  and  dystonic  patients 
may  provide  the  basis  for  successful  replacement  therapy  with  exogenous 
hydroxylase  cofactor. 

Proposed  Course  of  Project;   Assay  of  patient  CSF  specimens  will  be  continued 
in  order  to  enlarge  our  series  of  patients  with  neurologic  and  psychiatric 
diseases.   We  will  continue  our  investigations  into  the  relationship  between. 
CSF  cofactor  content  and  the  condition  of  dystonia.   The  high  pressure 
liquid  chromatographic  assay  for  biopterin  will  be  set  up  in  our  laboratory 
to  allow  for  a  more  specific  assay  for  CSF  biopterin  content  (see  Methods) . 
We  are  also  investigating  the  possibility  of  having  large  quantities  of 
biopterin  synthesized  for  a  clinical  trial  with  selected  neurological  patients. 
The  associated  animal  experiments  which  would  be  necessary  as  a  prelude  to 
such  a  clinical  trial  are  also  being  examined.   This  project  will  be  expand- 
ed to  study  mechanisms  of  endogenous  cofactor  synthesis  which  may  lead  to 
alternative  methods  of  manipulating  the  disposition  of  cofactor  within  the 
brain. 

Publications; 

1.  Van  Kammen,  D.P. ,  Levine,  R.A. ,  Sternberg,  D.,  Ballenger,  J., 
Marder,  S. ,  Post,  R.  and  Bunney,  Jr. ,  W. ;   Preliminary  evaluation  of 
hydroxylase  cofactor  in  human  spinal  fluid;   Potential  biochemical 
and  clinical  relevance  in  the  study  of  psychiatric  disease. 
Psychopharm.  Bull.   14;  51-52,  1978. 

2.  Levine,  R.A. ,  Williams,  A.C.,  Robinson,  D.S.,  Calne,  D.B.  and 
Lovenberg,  W. :   Analysis  of  hydroxylase  cofactor  activity  in  human 
cerebrospinal  fluid  of  patients  with  Parkinson's  Disease.   In: 
Advances  in  Neurology,  Raven  Press,  N.Y. ,  24;  303-307,  1979. 
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3.  Williams,  A.C.,  Eldridge,  R. ,  Levine,  R.A.,  Lovenberg,  W. ,  and 
Paulson,  G. :   Low  CSF  hydroxylase  cofactor  (tetrahydrobiopterin) 
levels  in  inherited  dystonia.   Lancet  2  9139:  410-411,  1979. 

4.  Eisler,  T. ,  Calne,  D.B. ,  Ebert,  M.H.,  Kopin,  I.J.,  Ziegler,  M.G., 
and  Levine,  R. :   Biochemical  measurements  during  (-)  deprenyl  treat- 
ment of  Parkinsonism.   In:  MAO  Strucutre,  Function  and  Altered 
Function,  Murphy,  D. ,  Singer,  T. ,  and  Vonkoff,  R.  (eds.),  New  York, 
Academic  Press,  pp  497-506,  1979. 

5.  Levine,  R.A. ,  Kuhn,  D.M. ,  Williams,  A.C.,  and  Lovenberg,  W.  :   The 
influence  of  ageing  on  biogenic  amine  synthesis:  The  role  of  the 
hydroxylase  cofactor.  ^:   Influence  of  Age  on  the  Pharmacology 

of  Psychoactive  Drugs,  Raskin,  A.,  Robinson,  D.S.,  Levine,  J.  (eds.), 
Elsevier,  North  Holland  (In  press). 
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SUMMARY  OF  WORK  ^200  words  or  less  -  underline  keywords) 

The  study  of  the  nature  and  the  role  of  epinephrine  containing  neuron  in 
brain  has  been  continued.   A  previously  reported  finding  that  p heny 1 e thano lamine 
N-Methvl  transferase  (PNMT)  was  higher  than  normal  in  spontaneously  hypertensive 
rats  was  confirmed.   Imraunohistochemical  analysis  indicated  that  this  increased 
activity  was  associated  with  an  increase  number  of  neurons  rather  than  an  in- 
creased activity  per  cell.   We  have  also  found  that  the  brain  PNMT  activity  can 
be  enhanced  by  dexamethasone  or  a  stressful  situation.  This  increase  in  activity 
occurs  over  a  short  time  course  and  suggest  activation  of  preformed  enzyme  mole- 
cules.  In  related  experiments  we  observed  the  effect  of  unilateral  carotid  artery 
ligation.   Of  interest  was  the  relatively  rapid  increase  (40%)  in  PNMT  activity 
on  the  contralateral  side  of  the  brain. 
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Objectives;   The  cell  bodies  of  the  epinephrine  containing  neurons  lie  in 
clusters  in  the  lower  brainstem.   The  dorsal  group  C„  are  very  near  the  area 
postrema  whereas  the  C   group  lies  relatively  close  to  the  ventral  surface. 
These  groups  are  strategically  located  for  a  role  in  blood  pressure  regulation, 
although  no  such  role  has  been  identified  to  date.   Since  it  had  been  reported 
that  the  activity  of  PNMT  the  marker  enzyme  for  these  cells,  was  higher  in  SHR 
than  in  normal  rats  we  planned  to  determine  whether  this  was  accounted  for  by 
an  increased  number  of  cells.   We  also  planned  to  investigate  whether  changes 
in  the  pattern  of  blood  flow  in  the  CNS  by  carotid  artery  ligation  has  an 
effect  on  PNMT  levels. 

Methods:   For  immunocytochemical  analysis  age  matched  stroke-prone  SHR  and 
Wistar  Kyoto  rats  were  perfused  with  a  formaldehyde  solution  in  buffered 
aulane  containing  a  0.05%  glutasuldehyde.   Starting  at  the  Obex  50y  sections 
of  the  frausstein  were  prepared.   The  slices  were  stained  with  rabbit  antisera 
and  counterstained  with  FITC  labelled  anti  rabbit  gamma  globulin.   The  number 
of  fluorescent  positive  cells  on  alternate  slices  were  counted  independently 
by  3  individual  who  were  not  aware  of  the  origin  of  the  slices.   In  others 
experiments  PNMT  activity  was  measured  by  standard  previously  described  tech- 
niques. 

Major  Findings:   The  previously  described  increase  in  PNMT  in  SHR  was  confirmed 
and  extended  to  show  that  the  stroke-prone  SHR  has  an  approximately  25%  increase 
in  the  enzjrme  activity.   In  each  of  the  pairs  of  SHR-SP  and  WKY  examined  the 
SHR-SP  had  significantly  more  PNMT  positive  cells.   With  6  animals  in  each  group 
WKY  had  mean  value  of  about  700  cells  whereas  SHR-SP  had  about  900  cells.  While 
there  are  a  number  of  potential  artifacts  it  seems  clear  that  there  are  sig- 
nificantly more  PNMT  positive  cells  in  the  brainstem  of  the  hypertensive  rats. 
The  relationship  of  the  increased  cell  number  to  the  development  of  hypertension 
is  not  known. 

The  mechanism  by  which  the  activity  of  PNMT  is  regulated  and  the  relation 
to  the  activity  of  PNMT  neurons  remain  to  be  determined.   Recent  studies  have 
shown  that  acute  stress  can  cause  a  rapid  increase  in  PNMT  activity  in  brain. 
Since  Carotid  artery  ligation  significantly  alters  cerebral  hemodynamics  and 
blood  pressure  it  was  of  interest  to  examine  its  effect  on  brainstem  PNMT. 
The  enzyme  activity  was  measured  in  the  C  and  C„  regions  on  each  half  of  the 
brainstem  6  hours  after  unilateral  carotid  artery  ligation.   This  was  done  in 
both  SHR  and  control  WKy  animals.   Of  interest  was  the  observation  that  the 
enzyme  activity  on  the  contralateral  side  was  increased  by  about  40%  whereas 
only  slight  increases  were  seen  on  the  unilateral  side.   The  mechanism  of  this 
selective  increase  remains  to  be  determined.   It  may  simply  represent  a  response 
to  stress,  or  it  could  be  related  to  the  blood  pressure  changes  that  take  place 
following  ligation. 

Significance  to  Biomedical  Research  and  Institute  Programs;   It  has  been 
proposed  that  epinephrine  neurons  in  the  brain  may  be  associated  with  mechanisms 
regulating  blood  pressure.   The  goal  of  this  project  is  to  understand  how 


(La3 


Project  Number:   ZOl  HL  01874-04  HE 

this  neuronal  system  is  regulated  whether  it  does  indeed  have  an  impact  on 
blood  pressure. 

Proposed  Course;   From  the  above  studies  it  is  clear  that  PNMT  activity  can 
be  increased  in  a  short  period  of  time.   Since  it  is  unlikely  to  be  due  to 
new  enzyme  synthesis  we  plan  to  investigate  potential  mechanisms  for  activating 
this  enzyme. 

Publications: 

1.  Howe,  P.R.C.,  Lovenberg,  W. ,  and  Chalmers,  J.P.  :   Increased  number  of 
PNMT-immunofluorescent  nerve  cell  bodies  in  the  medulla  oblongata  of 
stroke-prone  hypertensive  rats.   Brain  Res.  (In  press). 

2.  Phyall,  Willa  and  Lovenberg,  W. :   The  effects  of  hypophysectomy  on  the 
kinetics  and  regulation  of  PNMT  in  the  brain  and  adrenal  glands  of 
rats.   In:   Catecholamines:   Basic  and  Clinical  Frontiers,  Usdin,  E., 
Kopin,  I.  and  Barchas,  J.  (eds.)  Pergamon  Press,  N.Y.,1979,  pp.  180-182 
(Vol.  1). 

3.  Keeton,  T.K. ,  Krutzsch,  H.  and  Lovenberg,  W. :   A  specific  radioimmuno- 
assay for  3-methoxy-4-hydroxyphenylethylglycol  (MOPEG) .   In: 
Catecholamines:  Basic  and  Clinical  Frontiers,  Usdin,  E. ,  Kopin,  I. 

and  Barchas;  J.  (eds.),  Pergamon  Press,  N.Y.  ,  1979,  pp.  871-873   (Vol.  1). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  molecular  parameters  of  tryptophan  hydroxylase  from  rat  brainstem  and 
murine  mast  cell,  were  determined  by  gel  filtration  and  sucrose  density  gradient 
ultracentrifugation.   The  enzyme  from  rat  brainstem  has  a  calculated  molecular 
weight  of  220,000  daltons,  a  Stokes  radius  of  55. 6A,  a  frictional  ratio  of  1.28, 
and  a  sedimentation  coefficient  of  9.63S.   The  mast  cell  enzyme  has  a  molecular 
weight  of  144,000  daltons,  a  Stokes  radius  of  50. 3A,  a  frictional  ratio  of  1.35, 
and  a  sedimentation  coefficient  of  6.97S.   Evidence  for  catalytically  active 
subunits  was  not  found.   The  regulatory  and  kinetic  properties  of  the  brainstem 
and  mast  cell  hydroxylase  were  also  compared.   The  brain  enzyme  can  be  activated 
by  calcium,  SDS,  trypsin,  phospholipids,  protein  phosphorylation,  and  by  heparin 
Of  these  treatments  only  heparin  activated  the  mast  cell  tryptophan  hydroxylase. 
It  appears  that  the  tryptophan  hydroxylase  species  from  rat  brainstem  and  murine 
mast  cell  represent  distinct  molecular  entities. 
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Objectives;   Tryptophan  hydroxylase  is  the  initial  and  rate-limiting  enzjone  in 
the  biosynthesis  of  the  neurotransmitter  serotonin.   Despite  numerous  studies 
on  the  mechansims  by  which  the  activity  of  this  important  enzyme  is  regulated, 
little  is  known  about  the  biophysical  properties  of  tryptophan  hydroxylase. 
The  objectives  of  these  experiments  are  to  determine  some  of  the  molecular, 
kinetic  and  regulatory  parameters  of  tryptophan  hydroxylase  from  rat  brain- 
stem and  murine  mast  cell,  two  tissues  rich  in  this  enzyme  activity. 

Methods:   Male  Sprague-Dawley  rats  were  sacrificed  by  decapitation  and  brain- 
stems were  rapidly  dissected  from  the  brains  and  frozen  on  dry  ice,  and  stored 
in  liquid  N^  until  assay.   Mast  cells  were  obtained  from  the  ascitic  fluid  of 
BALB/cX  DBA  mice  as  described  by  Lovenberg  et  al.  (Science  115:217-220,  1967). 
Cells  were  harvested,  washed  and  frozen  in  N„  until  used  for  assay.   Trypto- 
phan hydroxylase  was  assayed  by  the  methods  reported  by  Baumgarten  et  al.    (J. 
Neurochem.  21:251,  1973).   Gel  filtration  (ultragel  AcA34)  and  sedimentation 
experiments  were  performed  essentially  by  the  methods  reported  in  Rosenberg 
and  Lovenberg  (Mol.  Pharmacol.  13:652,  1977). 

Major  Findings:   The  major  findings  remain  the  same  as  described  in  last  years 
report.   It  was  reported  from  another  laboratory  that  proteolytically  treated 
tryptophan  hydroxylase  has  catalytic  properties  which  are  quite  similar  to 
those  of  the  mast  cell  hydroxylase  described  above.   These  data  suggest  that 
the  mast  cell  enzyme  may  be  a  proteolytic  product  of  the  "parent"  hydroxylase. 

Significance  to  Biomedical  Research  and  Institute  Programs:   These  results 
represent  the  first  systematic  determination  of  the  molecular  parameters  of 
tryptophan  hydroxylase  from  rat  midbrain  and  murine  mast  cell.   The  calculated 
molecular  weight  at  least  of  the  brain  enzyme  agrees  quite  well  with  the 
molecular  weight  of  a  highly  purified  tryptophan  hydroxylase  from  rabbit  brain- 
stems and,  as  such,  points  out  the  usefulness  of  these  procedures  in  studying 
the  biophysical  properties  of  a  labile  enzyme-like  tryptophan  hydroxylase  even 
in  a  crude,  high  speed  tissue  supernatant  fraction.   These  results  also  sug- 
gest that  catalytically  active  subunits  for  at  least  the  brain  and  mast  cell 
enzyme  do  not  exist  under  the  present  conditions.   Taken  together,  these  data 
indicate  that  the  tryptophan  hydroxylase  enzymes  from  rat  midbrain  and  murine 
mast  cell  represent  distinct  molecular  entities. 

The  murine  mast  cell  is  a  rich  source  of  tryptophan  hydroxylase  and  sero- 
tonin.  However,  very  little  is  known  about  the  mechanisms  by  which  the  acti- 
vity of  the  mast  cell  enzyme  is  regulated  (if  it  is  regulated  at  all).   These 
experiments  have  sho^^m  that  the  mast  cell  hydroxylase  does  not  behave  like 
the  brain  hydroxylase.   Additional  studies  on  the  molecular  mechanisms  regula- 
ting tryptophan  hydroxylase  in  the  mastocytoma  cells  will  help  elucidate  the 
means  by  which  this  malignant  cell  line  expresses  its  efficient  catalytic 
activity.   These  studies  also  lend  valuable  information  on  alternative  mecha- 
nisms of  control  of  the  brain  enzyme  (e.g.,  end-product,  inhibition,  allosteric 
activation) . 

Proposed  Course  of  Project:   Using  these  same  procedures,  tryptophan  hydroxy- 
lase from  rat  brainstem  and  murine  mast  cell  will  be  partially  purified  so 
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that  the  regulatory  properties  of  each  can  be  studied  in  more  detail.   For 
example,  the  effects  of  calcium,  EGTA,  thiols,  and  phosphorylating  components 
on  the  kinetic  properties  and  substrate  specificity  of  each  enzyme  will  be 
determined.   The  mast  cell  enzyme  will  also  be  studied  more  extensively  to 
determine  if  the  enzyme  is  synthesized  as  a  smaller  entity  than  the  brain 
hydroxylase  or  if  it  is  cleaved  by  a  protease  during  the  process  of  tumor  in- 
filtration of  the  cell. 

Publications; 

1.  Kuhn,  D.M. ,  Rosenberg,  R.C.  and  Lovenberg,  W. :   Determination  of 
some  molecular  parameters  of  tryptophan  hydroxylase  from  rat  brain- 
stem and  murine  mast  cell.   J.  Neurochem.  33:  15-21,  1979. 

2.  Kuhn,  D.M. ,  Meyer,  M.A. ,  and  Lovenberg,  W. :   Comparisons  of  tryp- 
tophan hydroxylase  from  a  malignant  murine  mast  cell  tumor  and  rat 
mesencephalic  tegmentum.   Arch.  Biochem.  Biophys. ,  199 :  355-361,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Specific  immunoglobulins  directed  toward  calmodulin  were  produced  in  rabbits 
An  enzyme-linked  immunosorbent  assay  was  developed  for  the  measurement  of  cal- 
modulin.  In  rat  striatum  calmodulin  occurs  in  membrane-bound  and  soluble  form. 
In  striatal  supernatant  fractions  it  exists  in  free  and  protein  (presumably,  PDE)- 
bound  form.   Hence  the  regulation  of  calmodulin  was  viewed  in  teinns  of  biochemical 
processes  which  modulate  the  distribution  of  this  protein.   Chronic  treatment  with 
haloperidol  increases  the  membrane-bound  calmodulin  content.   Studies  on  the  turn- 
over-rate of  this  protein  failed  to  show  a  change  in  its  synthesis-rate.   From 
these  results  it  can  be  inferred  that  chronic  treatment  with  haloperidol  may 
modify  the  binding  affinity  of  calmodulin  to  its  binding  site  at  the  membrane. 
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2+ 
Objectives;   Calmodulin,  a  protein  with  high  affinity  binding  sites  for  Ca 

was  first  described  by  Cheung  and  subsequently  purifed  in  several  laboratories. 
Experimental  evidence  indicates  that  calmodulin  regulates  the  activity  of  a 
number  of  enzymes  including  adenylate  cyclase,  phosphodiesterase,  Ca   ,  Mg 
ATPase  and  protein  kinase.   The  enzyme  activation  requires  an  initial  binding 
of  Ca   to  calmodulin  and  this  complex  subsequently  binds  to  the  enzyme.   The 
structure,  function  and  distribution  of  calmodulin  indicates  that  in  some 
neuronal  systems  it  may  serve  as  a  regulatory  link  in  coupling  external  stim- 
uli to  the  cytoplasm  in  post-synaptic  neuronal  elements.   There  exist  experi- 
mental evidence  that  the  dopaminergic  system  in  particular  is  associated  with 
calmodulin.   It  has  been  shown  that  in  striatum  the  dopamine- sensitive  adeny- 
late cyclase  and  cAMP-PDE  are  regulated  by  calmodulin.   Furthermore,  during 
supersensitivity  the  calmodulin  content  in  synaptosomal  membrane  is  increased. 
Since  nothing  is  known  on  the  regulation  of  calmodulin  in  the  membrane-bound 
and  soluble  pool  this  project  will  be  particularly  directed  toward  studies 
on  the  regulation  of  calmodulin  in  both  cellular  compartments.   Studies  on 
the  turnover-rate  of  calmodulin  will  help  to  reveal  whether  during  super- 
sensitivity of  dopamine-receptors  the  accumulation  of  membrane-bound  cal- 
modulin is  due  to  enhanced  synthesis  rate  or  to  a  blockade  of  release  into 
the  cytosol. 

Methods :   Preparation  of  antibody  directed  toward  calmodulin.   Calmodulin 
was  purified  from  pig  brain  according  to  the  procedure  of  Klee  (Biochemistry 
16;  1017-1024,  1977).   For  the  production  of  immunoglobulins  directed  toward 
calmodulin,  the  purified  protein  was  coupled  to  hemocyanin.   This  conjugate 
was  emulsified  in  complete  Freund's  adjuvant  and  was  injected  intradermally 
into  the  back  of  rabbits.   The  injections  were  repeated  at  2  week  intervals. 

Enzyme-linked  immunosorbent  assay  (ELISA).   Partially  purified  immuno- 
globulins (50%  [NH  J  SO   saturation)  were  coupled  with  various  concentrations 
of  calmodulin  or  unknown  calmodulin  tissue  extracts.   The  mixtures  were  trans- 
ferred to  microplates  coated  with  calmodulin  and  incubated  for  a  period  of 
time.   Horseradish  peroxidase  labelled  anti-rabbit  globulins  were  added  to 
bind  on  the  antigen-antibody  complex.   Thereafter,  the  microplates  were  in- 
cubated with  a  0-phenylenediamine-H„0„  reagent  and  the  O.D.  in  each  well 
of  the  microplates  was  measured  with  an  ELISA  spectrophotometer  at  488  nm. 

Studies  on  turnover-rate  of  calmodulin  in  striatum.   After  chronic 
treatment  with  haloperidol  a  cannula  was  implated  into  the  lateral  ventrical 
of  rats.   On  the  following  day  0.50  mg  cycloheximide  was  injected  and  2  hours 
thereafter  another  0.25  mg  cycloheximide  were  given.   At  6,8  and  12  hours 
thereafter  the  rats  were  killed  and  the  calmodulin  content  was  measured  by 
micro-ELISA. 

Major  Findings;   Highly  specific  immunoglobulins  directed  toward  calmodulin 
showed  little  cross-reactivity  with  other  species  of  Ca   binding  proteins 
such  as  troponin  C  or  A-light  chain  protein.   Calmodulin  occurs  in  high  con- 
centrations in  the  brain  where  it  is  particularly  enriched  in  the  synap- 
tosomal membrane-fraction  ('^>  14  ug/mg  protein).   In  contrast,  in  adrenal 
medulla  the  calmodulin  content  is  0.40  yg/mg  protein  and  in  heart  0.10  pg/ 
mg  protein. 
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In  the  supernatant  fraction  from  striatal  homogenates  two  immunoreactive 
pools  of  calmodulin  are  present.   Calmodulin  elutes  from  Sephadex  G-150  in 
two  peaks.   One  peak  elutes  together  with  cAMP-PDE  (molecular  weight  range 
of  158,000)  whereas  the  second  peak  elutes  together  with  low  molecular  weight 
proteins  (25,000).   The  association  of  calmodulin  with  cAMP-PDE  is  Ca  - 
dependent  since  the  PDE-calmodulin  complex  could  be  resolved  by  filtration 
on  Sephadex  G-150  equilibrated  and  eluted  with  0.05  M  Tris-buffer  containing 
1  mM  EGTA.   Chronic  treatment  with  haloperidol  increases  the  content  of 
membrane-bound  calmodulin.   Measurements  of  turnover-rate  of  calmodulin  show 
that  the  rate  of  decline  of  this  protein  is  faster  in  saline  treated  rats  than 
in  haloperidol  treated  rats.   Although  the  fractional  rate  constant  was  lower 
after  haloperidol  treatment,  the  turnover-rate  was  similar  in  both  groups,  be- 
cause the  steady-state  concentration  of  calmodulin  is  higher  in  haloperidol 
treated  rats.   Thus,  chronic  treatment  with  haloperidol  does  not  increase  the 
synthesis-rate  of  calmodulin  but  may  rather  modify  the  binding  affinity  of  cal- 
modulin to  its  binding  site  at  the  membrane. 

Significance  to  Biomedical  Research  and  Institute  Programs:   The  development 
of  an  enzyme-linked  immunosorbent  assay  for  calmodulin  provides  a  new  tool 
required  to  study  the  regulation  of  calmodulin  content.   Since  the  action 
mechanism  of  neuroleptic  drugs,  which  act  particularly  on  the  extrapyramidal 
system,  has  been  shown  to  be  linked  to  cyclic=nucleotide  metabolism  studies 
on  calmodulin- turnover  rates  will  help  to  reveal  some  of  the  molecular  fea- 
tures of  their  action  mechanism. 

Proposed  Course  of  Project:   This  project  will  be  terminated. 


Publications . 

1.   Hanbauer,  I.  and  Phyall,  W.  :   Involvement  of  calmodulin  in  the 
modulation  of  dopamine  receptor  function.   In:   Long-term  of 
Neuroleptics  (Racagni,  G. ,  Spano.  0.,  and  Cattabeni,  F. ,  eds.) 
Raven  Press,  N.Y.,  Adv.  Biochem.  Paychopharmacol.  24 ;  133-138, 
1980.  ^ 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  investigation  of  the  major  determinants  of  monoamine  synthesis  and  turn- 
over in  vivo  is  of  scientific  interest  because  monoamine  levels  in  the  central 
nervous  system  (CNS)  play  critical  roles  in  neuropsychiatric ,  neuroendocrine  and 
cardiovascular  diseases.   Tyrosine  and  tryptophan  hydroxylase  are  known  to  be  the 


rate-limiting  steps  in  the  synthesis  of  catecholamines  and  serotonin, respectively. 
Current  evidence  suggests  that  the  in  vivo  rate  of  synthesis  of  these  compounds 
may  be  mediated  by  the  concentration  of  the  hydroxylase  cof actor,  tetrahydrobio- 
pterin  (BH  ) .   We  have  previously  reported  a  significant  positive  correlation  be- 


tween hydroxylase  cofactor  content  and  total  hydroxylase  enzyme  activity  across 
rat  brain  areas.   In  addition,  there  is  an  unusually  high  content  of  cofactor  in 
certain  neuroendocrine  tissues,  which  may  indicate  a  potential  neuroendocrine 
role  for  the  cofactor.   Using  the  catecholaminergic  neurotoxin, 6-hydroxydopamine, 
we   now  report  >85%  reduction  in  reduced  cofactor  content  in  both  the  substantia 
nigra  and  striatum  after  intranigral  injection.   Kainic  acid  injected  in  the 
striatum,  which  destroys  striatal  cell  bodies  and  interneurons ,  caused  a  modest 
decrease  in  striatal  cofactor.   These  results  indicate  that  reduced  cofactor  is 
lighly  concentrated  within  dopaminergic  neurons  of  the  nigrostriatal  system.    ^// 
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Objectives:   In  order  to  examine  the  potential  roles  of  brain  BH,,  it  is 
necessary  to  determine  the  levels  of  this  compound  in  discrete  brain  areas. 
In  addition,  it  is  of  interest  to  examine  both  the  pharmacologic  and  physio- 
lobic  manipulations  of  BH  levels  correlated  with  changes  in  hydroxylase  enzyme 
activities.   Manipulation  of  BH,  levels  may  be  more  easily  accomplished  through 
a  detailed  understanding  of  its  endogenous  biosynthesis.   The  use  of  chemical 
neurotoxins  will  allow  the  study  of  the  site  of  endogenous  biopterin  synthesis 
as  well  as  the  degree  of  colocalization  of  the  cofactor  with  the  hydroxylase 
enzymes  in  aminergic  neurons. 

Methods:   Male  Sprague-Dawley  rats  were  decapitated  and  brains  were  quickly 
removed  in  the  cold  and  dissected  into  the  following  areas:   pons-medulla, 
striatum,  hippocampus,  tegmentum,  tectum,  cerebral  cortex,  cerebellum,  thalamus, 
hypothalamus,  pineal,  and  septum.   In  addition,  the  anterior  and  posterior 
pituitary,  retina  and  adrenals  were  also  dissected.   Tissue  was  stored  in 
liquid  nitrogen  until  time  of  assay.   Tissue  samples  were  homogenized  in  1.0  N 
HCl  and  aliquots  of  the  supernatant  fraction  were  lyophilized  to  dryness. 
Reaction  mixture  contains  .013  units  sheep  liver  quinoid  dihydropterin  reduc- 
tase (QDPR),  0.85  yMol  NADH,  36  units  of  highly  purified  phenylalanine  hydrox- 
ylase, 10  ymol  KPO,  pH  6.8,  400  units  catalase,  and  4-  H-L-phenylalanine  (30 
yC/pmol)  in  a  final  volume  of  70  yl.   Following  incubation  for  45  min.  at  30°C, 
the  reaction  mixture  is  cooled  at  OP  in  an  ice  bath,  and  the  reaction  arrested 
by  addition  of  0. 1  ml  of  1. 2  M  sodium  acetate  buffer,  pH  5.5.   To  release  any 
tritium  in  the  3-or  5-position  of  the  tyrosine  formed,  25  yl  of  N-iodosuccinamine 
(50  mg/ml  in„DMSO)  is  added  to  the  cooled  samples.   After  5  min  the  released 
tritium  (as  HOH)  is  collected  by  passage  of  the  reaction  mixture  over  a  0.6'X 
3  cm  Dowex  50-H  +  exchange  resin.   The  column  is  washed  twice  with  0.70  ml  of 
water,  and  the  total  eluent  collected  in  a  scintillation  vial  to  which  15  ml 
of  scintillation  cocktail  is  added.   A  calibration  curve  using  BH  standards 
in  1.0  N  HCl  is  run  concomitantly.   A  UV  spectrum  is  obtained  on  a  50  yM  solu- 
tion of  BH,  in  . 01  N  NCI  just  prior  to  the  assay  to  quantify  the  concentration 
of  reduced  cofactor  in  the  cofactor  stock  solution. 

Neurosurgical  procedures  described  below  were  performed  on  male  Sprague- 
Dawley  rats  (200-300  g)  using  a  Kopf  sterotaxic  instrument.   A  10  yl  Hamilton 
syringe  was  used  to  inject  6-hydroxydopamine  (60HDA-8  yg  in  4  yl  saline  with 
0.2  mg/ml  ascorbic  acid  under  argon  atmosphere  at  4°C  and  protected  from 
light)  into  the  left  substantia  nigra  (coordinates  from  Bregma:  AP=5.2  mm, 
ML=  +2.0  mm,  DV=-7.1  mm).   Animals  lesioned  with  60HDA  were  injected  sub- 
cutaneously  with  apomorphine  (1.0  mg/kg) ,  a  dopamine  receptor  agonist,  one 
week  following  surgery;  animals  were  sacrificed  one  week  after  injection  of 
apomorphine.   This  drug  induces  contralateral  rotational  behavior  which 
indicates  a  successful  nigrostriatal  lesion.   Kainic  acid  (2  yg  in  1  yl 
saline  on  ice  and  protected  from  light)  was  injected  into  the  left  striatum 
(coordinates  from  Bregma:  AP=0.0  mm,  l-lL=+3.0  mm,  DV=-4.0  mm)  of  other  rats. 
The  decrease  in  substance  P  (SP)  content  was  measured  in  the  anterior  striatum 
and  nigra  according  to  the  method  of  Hanson  and  Lovenberg  to  confirm  a  success- 
ful striatonigral  lesion  by  kainic  acid.   The  brains  of  60HDA-lesioned  rats  were 
dissected  into  1  mm  thick  slices  with  the  aid  of  a  plexiglass  brain  block  and 
the  striatum  was  dissected  out  of  the  appropriate  slices. 
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Major  Findings;   We  have  reported  significant  correlations  between  BH  content 
and  both  tyrosine  (r=0.64)  and  tryptophan  (r=0.58)  hydroxylase  enzyme  activities 
across  various  rat  brain  areas.   The  correlation  between  BH  content  and  total 
hydroxylase  activity  (tyrosine  +  tryptophan)  was  even  better  (r=0.80).   Our 
determinations,  however,  revealed  unusually  high  cof actor  concentrations  in 
the  hypothalamus,  pituitary,  and  pineal  gland  when  compared  to  hydroxylase 
enzyme  activity.   These  areas  are  known  to  be  involved  in  many  neuroendocrine 
functions.   The  high  cof actor  content  in  these  areas  indicates  a  potential 
alternative  role  for  BH,  other  than  serving  as  hydroxylase  cofactor,  possibly 
related  to  neuroendocrine  function.   The  distribution  of  cofactor  content  within 
the  individual  lobes  of  the  pituitary  was  also  examined.   The  anterior  pituitary 
had  as  much  cofactor  content  (2.0  pmol/mg  protein)  as  some  of  the  low  cof actor- 
containing  brain  areas  and  yet,  as  reported  by  others,  there  is  minimal  hydrox- 
ylase enzyme  activity  present  in  the  anterior  pituitary.   The  intermedio- 
posterior  pituitary  had  much  higher  cofactor  content  (25  pmol/mg  protein)  which 
might  be  expected  due  to  the  innervation  by  aminergic  neurons  projecting  from 
the  hypothalamus.   Our  results  demonstrate  that  this  relationship  of  very  high 
cofactor  compared  to  hydroxylase  enzyme  activity  is  most  marked  in  the  anterior 
pituitary. 

Destruction  of  nigrostriatal  dopaminergic  neurons  by  unilateral  injection 
of  6-hydroxydopamine  (60HDA)  into  the  left  substantia  nigra  (SN)  caused  greater 
than  85%  reduction  in  reduced  cofactor  content  in  both  the  SN  and  the  striatum 
when  compared  to  these  same  areas  on  the  contralateral  control  side.   Kainic 
acid  injected  into  the  left  striatum  of  other  rats,  which  destroys  striatal 
cell  bodies  and  interneurons  while  sparing  nerve  terminals,  caused  a  modest 
decrease  in  striatal  cofactor  content  and  no  change  in  the  SN  on  the  lesioned 
side.   Our  results  imply  that  the  cofactor  is  highly  concentrated  in  dopa- 
minergic neurons  of  the  nigrostriatal  system.   These  results  also  Indicate  the 
likelihood  that  the  hydroxylase  cofactor  is  synthesized  predominantly  by  the 
dopamine  cells  within  the  nigrostriatal  system. 

Significance  to  Biomedical  Research  and  Institute  Programs:   Understanding 
the  levels  of  BH,  in  discrete  brain  areas  may  unveil  previously  undiscovered 
physiological  roles  of  this  compound. 

It  is  known  that  patients  with  Parkinson's  disease  have  significantly 
lower  CSF  BH,  levels.   An  understanding  of  the  endogenous  biosynthesis  of  BH 
may  allow  for  alternative  methods  for  manipulation  of  BH  levels  in  these 
patients,  possibly  improving  their  clinical  symptoms. 

Our  studies  will  lead  to  a  better  understanding  of  what  cell  types  in 
brain  synthesize  the  cofactor  as  well  as  the  nature  of  certain  drug  effects 
on  the  levels  of  the  cofactor  in  selected  brain  areas  and  how  these  changes 
in  cofactor  levels  relate  to  hydroxylase  enzyme  activity. 

Proposed  Course  of  Project:   Further  investigation  is  necessary  into  deter- 
mining BH,  levels  in  more  discrete  brain  areas  as  well  as  other  tissues  which 
express  hxgh  BH.  content.   More  sophisticated  micro  dissecting  techniques  will 
be  employed.   A  high  pressure  liquid  chromatographic  assay  system  has  been 
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recently  set  up  in  our  laboratory  for  BH,  measurements  to  assist  us  in  our 

studies  on  BH, . 
4 

In  addition,  techniques  will  be  developed  to  study  the  biosynthetic 
pathway  of  BH,  and  the  effects  of  pharmacological  agents  on  the  biosynthesis 
of  BH  will  be  examined.   Experiments  designed  to  elevate  brain  reduced 
cof actor  levels  by  injecting  BH, ,  6-methyltetrahydropterin,  and  dimethyl-tetra- 
hydropterine  will  be  carried  out. 

The  mechanism  by  which  amphetamine  and  reserpine  alter  cofactor  levels 
in  the  striatum  will  be  examined  using  both  the  enzymic  assay  and  HPLC. 

Neurochemical  lesion  studies  will  be  expanded  using  5.7  dlhydroxytryptamine 
to  lesion  serotonergic  neurons  to  examine  the  degree  of  colocalization  of 
cofactor  and  tryptophan  hydroxylase. 

Publications; 

1.   Levine,  R.A. ,  Kuhn,  D.M.  and  Lovenberg,  W. :   Regional  distribution 

of  hydroxylase  cofactor  in  rat  brain.   J.  of  Neurochem.  32:  1575-1578, 
1979. 
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SUMMARY  OF   WORK   (200  words  or  less  -  underline   keywords) 

5         5 
Enkephalin-like  peptides  immunoreactive  to  (met  )  or  (leu  ) -enkephalin  are 

contained  in  adrenal  chromaffine  cells  and  in  splanchnic  nerve  plasma  obtained 
from  dogs  with  an  indwelling  catheter  in  the  adrenal  lumbar  vein  contains  a 
higher  content  of  enkephaline-like  peptides  than  plasma  from  jugular  or  femoral 
vein.   Electrical  stimulation  of  the  splanchnic  nerve  increase  the  enkephaline- 
like  peptide  content  in  adrenal  venous  plasma.   Injection  of  morphine  also  increa- 
ses the  plasma  content  of  these  peptides.   Pretreatment  of  dogs  with  naloxone 
or  prior  splanchnic  nerve  transection  prevents  this  increase. 
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Objectives:   Recent  reports  suggest  that  met-enkephalin-like  peptides  may 
function  as  neurotransmitters  or  neuromodulators  in  sympathetic  ganglia 
(DiGuilio,  A.M.  _et  al . ,  Neuropharmacol .  17:989-992,  1978)  and  adrenal 
medulla  (Yang,  H-Y.T.  et^  ail .  ,  Fed.  Proc;  Schultzberg,  N.  et  al . ,  Neurosci. 
3:1169-1186,  1978).   These  met-enkephalin-like  peptides,  are  concentrated  in 
adrenal  chromaffin  granules,  although  the  splanchmic  nerve  innervating  the 
cortex  and  medulla  of  the  adrenal  gland  also  contains  these  peptides.   Studies 
on  primary  cultures  of  bovine  chromaffine  cells  showed  that  met-enkephalin- 
like  peptides  can  be  released  by  micotinic  receptor  stimulation  (Kumabura  et 
al. ,  Nature  283:489-492,  1980.   When  released  from  afferent  axons,  they  may 
act  on  opiate  receptors  located  in  peripheral  nervous  tissue. 

The  principal  effect  of  narcotics  upon  the  circulation  seems  to  be  hypo- 
tension.  This  is  mainly  caused  by  vasodilation  and  peripheral  pooling  of 
blood,  although  the  mechanism  involved  is  vaguely  understood.   The  vasodilatory 
action  of  morphine,  therefore,  invites  to  speculate  that  opiate-like  peptide 
hormones  were  to  be  secreted  from  sympathetic  nerves  or  adrenal  chromaffin 
granules,  and  might  cause  vasodilatation  by  acting  on  distant  receptors. 

In  view  of  the  possible  role  of  met-enkephalin-like  peptides  in  the 
regulation  of  sympathetic  transmission  and  vascular  tone,  we  have  studied  the 
content  of  met-enkephalin-like  peptides  in  adrenal  gland  and  in  the  adrenal 
venous  outflow  after  electrical  stimulation  of  the  splenchnic  nerve  or  direct 
stimulation  of  nicotinic  or  muscarinic  receptors. 

Methods:   Collection  of  adrenal  venous  blood.   Female  American  foxhounds  (1 
year  old)  were  fitted  with  an  indwelling  catheter  in  the  left  lumbar  adrenal 
vein.   The  sampling  of  adrenal  venous  blood  was  carried  out  both  in  conscious 
and  anesthetized  dogs.   In  some  animals  the  spaldinic  nerve  was  transected 
at  least  3  days  prior  to  the  experiment. 

Blood  Pressure  Measurements.   Dogs  were  anesthetized  with  pento-barbitol  and 
cannulae  were  implanted  into  the  femoral  vein  and  femoral  artery.   The  mean 
arterial  blood  pressure  was  recorded  from  normal  and  reserpinized  dogs  before 
and  during  electrical  stimulation  of  the  splanchnic  nerve. 

Measurement  of  met-enkephalin-like  peptides  in  adrenal  venous  plasma. 
Enkephaline-like  peptides  were  extracted  from  plasma  by  acetone  precipitation 
in  acid,  medium  (0.01  N  HCl) .   The  extract  was  centrifuged  and  the  supernatant 
was  extracted  4  times  with  petroleum  ether  (4°C),  (Acetone  extent:  Petro- 
elum  ether  =  1:1).   Residual  acetone  and  petroleum  ether  were  removed  by  a 
stream  of  N  and  the  remaining  agueous  solution  was  lyophilized.   The  residue 
was  redissolved  in  H^O,  heated  at  100°C  for  10  min  and  centrifuged  at  12,000 
X  g  for  10  min.   Aliquots  of  the  supernatant  were  assayed  radioimmunochemically 
using  an  antibody  raised  against  met-enkephalin. 

Major  Findings:   Secretion  of  met-enkephalin-like  peptides  frpm  adrenal  glands 
elicited  by  splanchnic  nerve  stimulation.   The  content  of (met^nkephaline-like 
peptides  was  highest  in  adrenal  vein  plasma  (0.087  pmol/ml  plasma),  whereas 
plasma  sampled  from  jugular  vein,  femoral  vein  and  carotid  artery  contained  less 
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(0.045  pmol/ml  plasma).   In  anesthetized  dogs  electrical  stimulation  of  the 
splanchnic  nerve  with  increasing  voltage  from  5  to  30  V  results  in  a  voltage- 
dependent  release  of  (met  )-enkephalin-like  peptides  into  the  adrenal  venous 
blood  ranging  from  150  to  300%  over  control.   BioGel  P-2  filtration  of  plasma 
extracts  before  and  after  stimulation  revealed  the  presence  of  both  high  and 
low  molecular  weight  peptides,  though  splanchnic  nerve  stimulation  increases 
the  plasma  content  of  the  low  molecular  weight  species. 

Measurement  of  the  mean  arterial  blood  pressure  during  splanchnic  nerve 
stimulation  resulted  in  an  increase  above  control.   However,  if  the  dog 
received  2  daily  injections  of  reserpine  (0.5  mg/kg)  which  impairs  the  storage 
of  catecholamines  in  the  adrenal  gland,  stimulation  of  the  splanchnic  nerve 
caused  a  decrease  of  the  mean  arterial  blood  pressure. 

Secretion  of  (met  )-enkephaline-like  peptides  from  adrenal  glands  elicited  by 
morphine  injection.   Injection  of  morphine  increases  the  amount  of  (met  )- 
enkephal in-like  peptides  released  into  the  adrenal  venous  plasma.   Pretreatment 
of  dogs  with  naloxone  or  prior  transection  of  the  splanchnic  nerve  were  able  to 
prevent  this  increase. 

Significance  to  Biomedical  Research  and  Institute  Programs:   Enkephalin-like 
peptides  have  been  studied  more  extensively  on  their  control  of  pain  threshold, 
but  the  physiological  function  of  these  peptides  does  not  appear  to  be  limited 
to  this  effect.   Since  narcotic  agents  of  clinical  values  are  always  showing 
respiratory=and  vasodepressant  effects  and  since  the  injection  of  morphine 
increases  the  content  of  (met  ) -enkephalin-like  peptides  in  venous  blood  it 
appears  important  to  reveal  the  action  mechanism  of  these  peptides  on  the 
cardiorespiratory  system. 

Proposed  Course  of  Project;   Future  experiments  are  planned  to  reveal:  (1) 
the  nature  of  the  receptor  involved  in  regulating  the  release  of  the  peptide 
hormones  from  the  adrenal  medulla,  (2)  the  vasodilatory  effect  of  the  released 
peptides  on  the  various  peripheral  vascular  beds,  (3)  molecular  characteriza- 
tion of  the  released  peptides  including  purification,  amino  acid  sequencing 
and  production  of  specific  antibodies  directed  toward  these  peptides. 

Publications; 

1.   Costa,  E. ,  Guidotti,  A.,  Hanbauer,  I.,  Hexum,  T.D.,  Saiani,  L.  and 
Yang,  H.-Y.T. ;   Regulation  of  cholinergic  transmission  in  adrenal 
medulla.  In;   Proceedings  of  the  International  Symposium  on  Cholinergic 
Mechanisms  (ed.,  G.C.  Pepen) ,  Plenum  Press,  New  York  (in  press). 
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Objectives:   Substance  P  (SP)  Is  postulated  to  be  a  neurotransmitter  in  the  CNS. 
In  order  to  study  putative  roles  and  physiological  significance  of  SP  function 
in  the  brain,  changes  in  the  levels  of  substance  P-like  immunoreactivity  are 
determined  in  discrete  CNS  regions  following  pharmacological  manipulation  by 
agents  which  alter  extrapyramidal  and  nociceptive  systems. 

Major  Findings:   Subacute  treatment  with  dopamine  (DA)  antagonists,  haloperidol 
and  f luphenazine,  reduced  levels  of  SPH  in  substantia  nigra  by  30-40%.   The 
SPLI  in  other  CNS  regions  were  unaffected.   The  DA  agonist  apomorphine  induced 
a  30%  decrease  of  nigral  SPLI  in  a  specific  manner,  but  did  so  1  hr  following 
a  single  injection  of  apomorphine.   The  two  effects  were  characterized  and 
shown  to  be  dose-dependent  (up  to  1  mg/kg)  and  reversible  with  a  rebound  phen- 
omena as  part  of  the  recovery  pattern. 

The  subacute  haloperidol  effect  was  found  to  be  mediated  via  a  D^-type 
receptor  and  could  still  be  observed  following  the  destruction  of  the  DA  nigra- 
striatal  pathway,  but  not  after  the  destruction  of  the  striatonigral  pathways. 

The  interaction  between  the  SP  and  serotonergic  systems  in  pons  medulla 
was  examined.   A  specific  elevation  of  SPLI  in  the  area  of  the  dorsal  raphe 
nucleus  was  observed  following  acute  cocaine  treatment.   The  effect  appeared 
to  be  dose-dependent  with  some  tolerance  developing  after  chronic  treatment. 
There  was  found  to  be  a  specific  depression  of  SPLI  also  in  the  dorsal  raphe 
which  was  induced  by  the  serotonin  precursor  5-HTP.   The  effects  of  both  cocaine 
and  5-HTP  on  the  levels  of  SPLI  were  attenuated  when  administered  simultaneous- 
ly.  These  changes  in  SPLI  corresponded  to  inverse  changes  in  5-HT  levels 
measured  in  pons-medulla. 

The  metabolism  of  SP  is  little  understood,  however,  peptidase  activity  is 
thought  to  be  responsible  for  its  inactivation  as  a  neurotransmitter.   We  have 
shown  that  intraventricular  injections  of  SQ20881,  a  peptidase  inhibitor, 
causes  significant  increases  in  the  levels  of  SPLI  in  all  brain  areas  examined. 
This  elevation  appeared  to  be  dose-dependent  in  substantia  nigra.   However, 
SQ  20881  had  differential  effects  on  the  SPLI  in  other  tissues  examined.   In 
addition,  two  other  peptidase  inhibitors,  SQ14225  and  leupeptin  were  also 
observed  to  significantly  elevate  SPLI  levels  in  substantia  nigra  and  trigeminal 
nucleus.   The  agents  might  prove  to  be  useful  pharmacological  tools  to  probe 
SP  function. 

Significance  to  Biomedical  Research  and  Institute  Programs:   SP  has  been 
suggested  to  be  important  in  the  function  of  some  neuronal  systems.   Thus, 
results  indicate  that  (1)  due  to  its  excitatory  influence  on  DA  perikarya 
in  substantia  nigra,  SP  helps  to  modulate  locomotor  function  and  (2)  SP  is 
involved  in  sensory  (particularly  pain)  transmission. 

Little  is  known  about  the  interaction  of  SP  with  other  transmitters 
involved  in  locomotor  and  nociceptive  function.   Even  less  is  known  about  the 
response  of  SP  neurons  to  drugs  which  exert  pharmacological  influences  on  these 
neuronal  systems.   A  better  understanding  of  the  involvement  of  SP  in  these 
complex  neuronal  networks  would  help  to  assign  physiological  and  pathological 
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roles  to  this  neuropeptide  and  perhaps  suggest  new  therapeutic  approaches 
for  the  treatment  of  related  neurological  disorders. 


Publications; 

1.   Hanson,  G.R. ,  and  Lovenberg,  W. :   Elevation  of  CNS  substance  P- 
like  immunoreactivity  by  protease  inhibitors.   J.  Neurochem. 
(In  press) . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Calcium  (1-100  yM)  caused  a  concentration  and  time-dependent  increase  in  the 
phosphorylation  of  several  synaptic  cytosolic  proteins.   These  effects  of  calcium 
were  most  apparent  for  proteins  with  molecular  weights  (M  )  of  50,000,  55,000 
and  60,000.   The  administration  of  morphine,  in  vivo  (3.0-30  mg/kg)  caused  a 
dose  and  time  dependent  increase  in  the  phosphorylation  of  the  50,000,  55,000 
and  60,000  molecular  weight  proteins  compared  to  the  values  obtained  from  saline- 
treated  controls.   This  effect  of  morphine  was  reversed  by  the  specific  narcotic 
antagonist,  naloxone.   Since  calmodulin  mediates  calcium-dependent  phosphoryla- 
tion of  synaptosomal  cytosolic  proteins,  the  effects  of  opiates  on  calcium- 
dependent  protein  phosphorylation  may  be  through  an  action  on  this  specific 
calcium  binding  protein. 
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Objectives:   The  biochemical  signal  generated  by  the  binding  of  an  opiate 
ligand  to  its  specific  receptor  in  neuronal  membranes  is  translated  into  bio- 
chemical actions  that  alter  neuronal  function  via  effector  systems.   Since 
protein  kinases  and  phosphoprotein  phosphatases  are  localized  in  high  con- 
centration in  synaptic  membranes  and  synaptosomal  cytosol  and  since  specific 
phosphorylating  proteins  in  the  central  nervous  system  may  act  as  physiological 
effectors  for  a  variety  of  regulatory  agents,  it  is  possible  that  neuronal 
phosphorylation  systems  may  serve  as  mediators  of  the  effects  of  endogenous 
and  exogenous  opiates. 

The  specific  objectives  of  the  present  investigation  were  to  evaluate  the 
effects  of  the  acute  administration  of  morphine,  the  classic  opiate  analgesic, 
on  the  phosphorylation  of  specific  synaptosomal  cytosolic  proteins  obtained 
from  rat  striatal  synaptosomes.   Recently,  it  has  been  established  that 
calcium  ion  regulates  the  phosphorylation  of  specific  synaptosomal  proteins, 
through  an  action  on  the  specific  calcium  binding  protein,  calmodulin. 
Alterations,  in  brain  levels  of  calcium  as  well  as  the  binding  of  calcium 
brain  membranes  represent  a  possible  mechanism  through  which  the  acute  and 
chronic  effects  of  opiates  are  mediated.   Therefore,  the  current  investiga- 
tion has  been  confined  to  an  examination  of  the  effects  of  opiates  on  calcium 
regulated  phosphorylation. 

Methods : 

Tissue  preparation.   Male,  Wistar  rats  were  killed  by  decapitation,  the 
brains  removed  and  the  striata  dissected  within  30  seconds.   A  crude  synapto- 
somal lysate  was  prepared  from  a  striatal  homogenate  by  differential  centri- 
fugation.   This  lysate  was  centrifuged  at  140,000  x  g  for  90  minutes.   The 
resulting  supernatant  fraction  was  used  as  a  source  of  synaptosomal  cytosol. 

Phosphorylation  assays.   The  net  incorporation  of  phosphate  into  striatal 
synaptosomal  cytosolic  proteins  was  assayed  at  30°C  in  a  standard  assay  mix- 
ture containing  (200  yl  final  volume)  50  mM  HEPES,  pH  7.0,  10  mM  MgCl  ,  1.0  mM 
DTT  and  5  yM  (y   P]  ATP.   Following  a  one  minute  preincubation  of  the  assay 
mixture,  the  phosphorylation  reaction  was  initiated  by  the  addition  of  the 
synaptosomal  cytosol.   After  one  minute  the  reaction  was  terminated  by 
solubilizing  the  cytosolic  proteins  in  100  yl  of  a  smaple  buffer  containing 
9%  SDS,  0.03  M  Tris-HCl  buffer,  pH  8.0,  containing  6%  mercaptoethanol,  3  mM 
EDTA  and  27%  sucrose.   All  samples  were  assayed  at  least  in  duplicate. 

Gel  Electrophoresis,  Autoradiography  and  Microdensitometry.   Proteins 
were  resolved  on  SDS  polyacrylamide  slab  gels.   The  acrylamide  concentration 
was  6%  and  10%  in  the  stacking  and  resolving  gels,  respectively.   Both  stack- 
ing and  resolving  gels  contained  SDS  at  a  final  concentration  of  0.1%.   Follow- 
ing electrophoresis  the  gels  were  fixed  and  stained  with  0.1%  Coomassie  blue 
R250  and  50%  methanol,  10%  acetic  acid  before  drying  under  heat  and  vacuum. 
Autoradiography  was  carried  out  for  a  period  of  1-2  days  using  Kodak  RP  X-ray 
film.   The  molecular  weights  of  the  protein  bands  were  estimated  from  molecular 
weight  standards.   The  incorporation  of  phosphate  into  specific  protein  bands 
was  determined  by  microdensitometry  of  the  autoradiographs  using  an  EC  920 
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transmission  microdensitometer.  Protein  phosphorylation  was  quantified  from 
the  densitormetric  scans  by  integration  of  the  areas  under  the  peaks  corres- 
ponding to  specific  protein  bands. 

Major  Findings:   Exogenous  calcium  (1.0-100  yM)  stimulated  the  phosphorylation 
of  at  least  15  synaptosomal  cytosolic  proteins.   Maximal  stimulation  due  to 
calcium  reached  levels  of  as  much  as  25-fold  those  of  control  and  was  most 
apparent  for  proteins  with  molecular  weights  M  of  50,000,  55,000,  and  60,000. 
Only  three  major  protein  bands  were  phosphorylated  in  the  absence  of  added 
calcium  or  in  the  presence  of  EGTA.   Autoradiography  revealed  that  morphine 
(3.0-30  mg/kg)  caused  a  dose  and  time  dependent  increase  in  calcium-regulated 
protein  phosphorylation  compared  to  the  autoradiographs  obtained  from  saline- 
treated  controls.   These  effects  of  morphine  on  calcium-regulated  phosphoryla- 
tion were  reversed  by  the  specific  narcotic  antagonist,  naloxone.   Micro- 
densitometry  of  the  autoradiographs  confirmed  that  morphine  enhanced  calcium- 
stimulated  phosphorylation.   The  maximal  increase  of  175%  of  control  occurred 
at  a  dose  of  30  mg/kg,  30  minutes  following  drug  administration.   In  the 
absence  of  calcium,  autoradiography  revealed  that  morphine  caused  an  increase 
in  the  phosphorylation  of  only  one  protein  band  (M  ,  89,000).   This  qualitative 
observation  from  the  autoradiographs  was  also  confirmed  by  quantitative  micro- 
densitometry.   The  effect  of  morphine  on  calcium  independent  phosphorylation 
was  not  found  to  be  reversed  by  naloxone. 

Significance  to  Biomedical  Research  and  Institute  Program:   Although  an 
involvement  of  opiate  action  in  the  dynamics  of  several  neurotransmitter  systems 
has  been  demonstrated,  little  progress  has  been  made  toward  a  delineation  of 
the  specific  molecular  mechanism(s)  involved  in  the  acute  and  chronic  effects 
of  narcotic  analgesics.   The  phosphorylation  of  specific  endogenous  protein 
substrates  represents  one  molecular  mechanism  through  which  numerous  regula- 
tory agents  elicit  specific  biological  responses.   That  a  calcium-regulated 
phosphorylation  system  in  neuronal  cytosol  may  play  an  important  role  in 
synaptic  function  is  indicated  by  the  findings  that  the  biosynthesis  of  neuro- 
transmitters, e.g.  tyrosine  hydroxylase  and  tryptophan  hydroxylase,  are 
activated  under  phosphorylating  conditions  and  can  be  regulated  in  a  calcium 
dependent  manner.   Thus,  calcium-regulated  protein  phosphorylation  represents 
one  possible  locus  of  opiate  action  that  may  account  for  some  of  the  acute 
and  chronic  effects  of  these  drugs.   Furthermore,  calcium  sensitive  phosphory- 
lation systems  may  be  of  physiological  as  well  as  pharmacological  importance 
since  the  effects  of  the  endogenous  opiates,  the  endophrins,  may  also  be 
mediated  through  an  effect  on  calcium-regulated  protein  phosphorylation. 

Proposed  Course  of  Project;   Several  criteria  must  be  met  in  order  to 
establish  whether  a  particular  effect  of  an  opiate  compound  is  of  the  specific 
type  characteristic  of  opiates  as  a  class.   These  include:   stereospecif icity, 
blockade  by  a  specific  antagonist,  tolerance,  cross-tolerance  and  rank  order 
of  potency  with  other  endogenous  and  exogenous  opiates.   We  will  attempt  to 
establish  if  the  effects  of  narcotic  analgesics  on  calcium  regulated  phos- 
phorylation meet  the  necessary  criteria  for  a  specific  narcotic  effect. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  focus  of  this  project  was  to  describe  in  the  rat  pineal  the  sequale  of 
biochemical  events  regulating  cAMP  levels  following  termination  of  3-receptor 
stimulation.   Present  results  show  that  cAMP  in  rat  pineals  respond  in  a  biphasic 
manner  to  diminished  receptor  stimulation.   Levels  of  cAMP  decreased  significant- 
ly within  30  to  60  sec  following  exposure  of  dark-adapted  animals  to  light  or 
administration  of  propranolol  (10  mg/kg  i.v. ).   Within  5  min  cAMP  levels  had 
significantly  increased  compared  to  30  sec  time  points.   While  there  were  no 
changes  in  either  cytoplasmic  PDE  or  calmodulin  levels,  adenylate  cyclase 
activity  did  increase  at  the  same  time  that  cAMP  increased.   Thus  apparently 
cyclase  activation  could  support  the  observed  rise  in  cAMP  levels.   Present 
results  are  consistent  with  previous  observations  using  dispersed  pinealocytes 
and  showing  that  diminished  receptor  stimulation  leads  to  a  fall  in  cAMP  levels 
which  precedes  an  abrupt  drop  in  N-acetyltransf erase  activity.   However,  further 
investigation  is  necessary  to  link  the  change  in  cAMP  with  the  fall  in  NAT. 
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Objectives;   The  pineal  gland  offers  a  unique  opportunity  to  examine  the  bio- 
chemical mechanisms  underlying  short-term  fluctuations  in  (1)  the  relation- 
ship between  changes  in  cAMP  content  and  the  rapid  fall  of  NAT  levels,  (2)  the 
enzjmiatic  mechanisms  which  subserve  the  observed  changes  in  cAMP  levels.   Also 
the  present  investigation  was  performed  using  intact  pineal  glands  rather  than 
a  culture  system  to  provide  data  which  more  closely  reflected  in  vivo  conditions. 

Methods ;   Male  Sprague  Dawley  rats  were  used.   The  experimental  paradigm  con- 
sisted of  exposing  dark-adapted  rats  to  light  for  various  time  periods  (0.5, 
1,  2,  4,  6  min)  or  administration  (i.v. )  of  the  drug  propranolol.   In  this 
manner  neuronal  input  to  the  pineal  is  diminished  to  such  an  extent  that  NAT 
preciptiously  drops.   The  animals  were  either  sacrificed  by  decapitation  or 
placed  in  the  microwave  oven  for  2  sec.   Then  the  pineals  were  removed  and 
hemogenized  in  the  appropriate  buffered  solution  and  subsequently  analyzed 
for  either  adenylate  cyclase  activity,  phosphodiesterase  activity,  cytoplasmic 
calmodulin  content,  cAMP  levels,  or  NAT  activity. 

Major  Findings:   Present  results  support  the  hypothesis  that  an  abrupt  decrease 
in  cAMP  levels  is  a  necessary  prerequisite  for  the  rapid  fall  in  NAT  activity 
following  diminished  3-receptor  stimulation.   Under  both  experimental  paradigms 
i.e.,  exposing  dark-adapted  animals  to  light  or  propranolol  administration  there 
was  a  recorded  significant  decrease  in  cAMP  levels  from  control  within  0.5-1 
min.   In  both  cases  this  decrease  in  cAMP  preceded  or  coincided  with  the  fall 
in  NAT  activity.   Within  6  min,  however,  the  levels  of  cAMP  had  begun  to 
increase.   In  the  light  exposed  animals  the  increase  was  approximately  double 
control  whereas  in  the  propranolol-treated  animals  the  cAMP  had  returned  to 
control  levels. 

An  analysis  of  the  enzymes  responsible  for  maintaining  cAMP  levels  revealed 
some  interesting  findings.   There  were  no  changes  in  either  PDE  activity  or 
levels  of  cytoplasmic  calmodulin.   Also  there  were  no  changes  in  adenylate 
cyclase  (AC)  activity  analyzed  within  one  min  of  light  exposure.   However,  after 
6  min  AC  activity  had  significantly  increased  above  control  levels.   This 
change  appeared  to  support  the  observed  rise  in  cAMP  levels  also  recorded  at 
6  min. 

Significance  to  Biomedical  Research  and  Institute  Programs:   Present  results 
in  combination  with  previous  observations  using  dispersed  pinealocytes  are 
consistent  with  the  fact  that  cAMP  levels  decrease  before  the  abrupt  drop  in 
NAT  activity.   However,  whether  or  not  these  two  events  are  associated  still 
remain  an  open  question.   Recruiting  cAMP  not  only  as  the  second  messenger 
in  the  eventual  induction  of  NAT  but  also  in  the  maintenance  of  elevated 
levels  of  this  enzyme  would  be  in  keeping  with  the  known  transduction  of  infor- 
mation from  the  CNS  through  the  3- receptor  within  the  pineal.   However,  further 
investigation  is  obviously  necessary  in  order  to  link  the  change  in  cAMP  with 
the  fall  in  NAT. 

The  pineal  is  a  useful  model  for  understanding  and  characterizing  the 
innervation  of  end-organ  from  a  biochemical  standpoint  because  the  innervation 
is  simple,  anatomically  well  characterized,  and  accessable.   Furthermore, 
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the  biochemical  events  occurring  after  neural  stimulation  of  this  system  are 
dramatic.   As  such  this  model  offers  an  almost  Ideal  opportunity  to  charac- 
terize pre-and  post-synaptlc  events  of  neural  transduction.   Results  from 
analysis  of  this  system  might  offer  Insights  Into  the  pharmacology  and  physio- 
logy of  less  well-defined  systems  in  sympathetically  innervated  as  well  as 
Into  the  central  nervous  system  itself. 

Proposed  Course  of  Project:   To  further  analyze  and  characterize  the  changes 
in  adenylate  cyclase  which  accompany  the  changes  in  cAMP  levels. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  cyclic  nucleotide  of  independent  kinase  has  been  purified  from  rat  brain 
supernatant.   It  phosphorylates,  preferentially,  histone  as  substrate  in  a  mag- 
nesium dependent  reaction.   It  is  also  calcium  sensitive  and  in  its  non- 
trypsinized  proenzyme  form  may  contain  the  calcium  binding  protein  calmodulin. 
It  may  also  phosphorylate  tryptophan  hydroxylase  in  a  calmodulin  dependent 
manner. 
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Objectives:   Because  the  kinase  is  calcium  sensitive  the  presence  of  cal- 
modulin in  its  structure  will  be  determined.   Tyrosine  hydroxylase  and 
tryptophan  hydroxylase  are  activated  by  phosphorylations  in  a  calcium  depen- 
dent manner  therefore  the  role  of  the  protein  kinase  in  activation  of  these 
enzymes  will  be  determined. 

Methods:   The  enzyme  is  purified  through  DEAE,  Sephadex  G-lOO  chromatography 
and  isoelectric  focusing.   Polyacrylamide  gel  electrophoresis  (PAGE)  is  used 
to  determine  the  subunit  composition  of  the  enzyme.   Fluphenazine-Sepharose 
affinity  chromatography  as  well  as  activation  of  phosphodiesterase  are  used 
to  determine  the  presence  of  calmodulin  in  the  enzyme. 

Major  Findings:   A  highly  purified  protein  kinase  was  obtained  by  the  isola- 
tion procedure  described  above.   A  brief  exposure  to  trypsin  resulted  in  a 
17-fold  activation  of  the  protein  kinase.   Either  before  or  after  proteolytic 
activation,  the  enzyme  was  essentially  not  stimulated  by  cyclic  nucleotides 
(cAMP  or  cGMP).   It  shows  optimal  activity  towards  histone  as  substrate  at 
the  non-physiological  level  of  75  mM  Mg   .   Purified  enzyme  which  had  been 
dialyzed  against  0.5  M  NH.CO  or  .025  M  Tris  (pH  7.5)  was  free  of  Ca   and 
showed  a  two-fold  enhancement  of  activity  towards  histone  type  II  after  the 
addition  of  40  yM,  CaCl  at  400  yM,  MgSO  .   At  75  mM  MgSO,  ,  the  calcium 
stimulatory  effect  was  not  observed. 

The  purified  enzyme  caused  a  two-fold  activation  of  calmodulin  dependent 
phosphodiesterase  (PDE) .   This  activation  of  the  PDE  followed  heat  inactiva- 
tion  of  the  kinase  and  was  calcium  dependent.   These  findings  correspond 
characteristics  of  other  brain-calmodulin  enzymes. 

Purified,  dialyzed  and  lyophilized  enzyme  was  subjected  to  PAGE  in 
10%  and  12%  disc  gels,  (+)  or  (-)  sodium  dodecyl  sulfate  (SDS) .   The  enzyme 
appeared  as  a  single  band  in  gels  that  were  (+)  or  (-)  1%  SDS.   In  order  to 
determine  the  subunit  composition  of  the  enzyme,  the  effect  of  mercapto- 
ethanol  (ME)  on  its  banding  pattern  was  determined.   The  enzyme  is  activated 
by  30  mM  ME  and  it  was  determined  that  as  little  as  1%  ME  caused  the  dissocia- 
tion of  the  enzyme  into  at  least  5  bands.   The  presence  of  trypsin  or  Ca 
can  cause  the  appearance  of  an  additional  two  bands,  one  of  which  is  a  low 
molecular  weight  protein. 

Fluphenazine-linked  Sepharose  has  a  specific  affinity  for  calmodulin  in 
the  presence  of  Ca   .   Preliminary  experiments  with  the  purified,  dialyzed 
prokinase  show  that  a  fraction  of  the  enzyme's  activity  is  retained  on  the 
column  in  the  presence  of  calcium  and  is  released  by  the  addition  of  the 
calcium  chelator  EGTA. 

Significance  to  Biomedical  Research  and  Institute  Programs:   It  has  long  been 
known  that  calcium  modulates  neuronal  transmission  and  that  phosphorylation 
mediates  this  process.   Since  the  prokinase  is  calcium  sensitive  and  may  contain 
the  calcium  binding  protein  calmodulin,  the  proenzyme  may  be  the  link  between 
the  two  processes.   It  may  provide  this  link  by  phosphorylating  tryptophan 
hydroxylase  and  thereby  regulate  serotonin  synthesis  in  a  calcium  dependent 
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manner . 


Since  the  psychotropic  drug  fluphenazine  has  been  shown  to  bind  a  fraction 
of  the  enzjnne,  the  effect  of  this  drug  on  the  enzyme's  activity  will  be  deter- 
mined.  The  mechanism  of  action  of  this  drug  would  thereby  be  elucidated. 

Proposed  Course  of  Project:   The  presence  of  calmodulin  in  the  enzyme  is 
being  assayed  by  further  gel  studies  and  fluphenazine-af f inity  chromatography. 

The  activity  of  the  enzjmie  as  a  modulator  of  catecholamine  synthesis  is 
being  studied  by  the  addition  of  tryptophan  hydroxylase  to  the  purified 
enzyme  under  phosphorylating  conditions.   The  activation  of  the  enzjrme  will  be 
determined  with  special  reference  to  its  calcium  dependent  action. 

The  ability  of  psychotropic  drugs  (e.g.,  fluphenazine)  to  alter  the 
enzjnne  will  be  determined  by  gel  studies  and  enzyme  activity  profiles. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  activity  of  rat  brain  tryptophan  hydroxylase  (TH)  is  increased  2-fold  bi 
heparin  and  4-fold  by  dextran  sulfate.   Hyaluronic  acid,  chondroitin  sulfate,  and 


dermatan  sulfate  as  well  as  the  unsulfated  poljnner  dextran  do  not  alter  hydroxy- 


lase activity.   Heparin  and  dextran  sulfate  decrease  the  apparent  K  of  the  enzy- 
me for  both  substrates  6MPH,  and  tryptophan  as  well  as  increasing  tne  V   .   A 
variety  of  polyanions  (DNA,  glycogen,  poly-d--and  poly-X-glutamic  acid)  nave  no 
effect  on  TH  whereas  salts  [NaCl,  KCl,  (NH,)„  SO,  and  MgSO^]  inhibit  the  enzyme, 
indicating  that  the  effects  of  heparin  and  dextran  sulfate  on  TH  are  not  mediatec 
by  increases  in  ionic  strength  per  se.   Several  lines  of  data  suggest  that  TH 
binds  ionically  to  these  polyelectrolytes  :   (1)  The  activation  produced  by  hepa- 


rin and  dextran  sulfate  diminishes  as  the  ionic  strength  of  the  assay  medium 
increases,  (2)  TH  binds  to  heparin  substituted  Sepharose  4B  and  is  eluted  by 
increasing  the  ionic  strength  of  the  eluant  buffer,  and  (3)  large  molecular 
weight  dextran  sulfate  (MW=500,000)  dramatically  shifts  the  elution  profile  of  TI 
from  a  K   of  0.41  to  a  K   of  0.10  on  a  Sepharose/CL-6B  column.   These  data  sug- 
gest thaS^binding  of  certlYn  poly-electrolytes  to  TH  induces  a  conformational 
change  in  the  enzyme  resulting  in  increased  catalytic  activity. ^^o 
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Objectives:   The  i^  vitro  activity  of  tryptophan  hydroxylase  can  be  increased 
by  a  variety  of  substances  Including  the  membrane  detergent  sodium  dodecyl 
sulfate  (SDS),  phospholipids  (Hamon  et  al. ,  J.  Neurochem.  28:  811,  1977)  and 
ATP-Mg    (Kuhn  et  al. ,  BBRC  82:  759,  1978).   Upon  close  examination  these 
seemingly  different  treatments  may  have  a  common  effect  on  the  enzyme.   In 
fact,  Insight  Into  the  molecular  mechanisms  by  which  these  treatments  alter 
tryptophan  hydroxylase  can  be  gained  from  the  results  of  experiments  on  a 
similar  enzyme,  tyrosine  hydroxylase.   For  example,  heparin,  phospholipids, 
and  certain  biological  membranes  stlm.ulate  the  activity  of  tyrosine  hydroxy- 
lase.  These  structurally  unrelated  substances  are  all  polyanlons  which  appar- 
ently activate  tyrosine  hydroxylase  via  salt  reversible,  "electrostatic"  Int- 
eractions with  the  enzyme  (Katz  et^  al. ,  Blochem.  Blophys.  Acta.  429:  84,  1976). 
In  an  effort  to  more  completely  understnad  how  the  activity  of  tryptophan  hy- 
droxylase Is  altered  by  polyanlons.  Including  SDS  and  phospholipids,  the  effects 
of  various  acidic  mucopolysaccharides  and  the  model  polyelectrolyte  dextran 
sulfate  on  tryptophan  hydroxylase  were  investigated. 

Methods :   Male  Sprague  Dawley  rats  were  decapitated  and  the  mesencephalic 
tegmentum  was  rapidly  dissected  from  the  rest  of  the  brain,  frozen  on  dry  Ice 
and  stored  in  liquid  N„ .   Tryptophan  hydroxylase  was  assayed  by  the  method  of 
Friedman  et  al.  (J.  Biol.  Chem.  247:  4165,  1972)  as  modified  by  Baumgarten 
e_t  al.  (J.  Neurochem.  21:  251,  1973). 

Major  Findings:   The  major  findings  of  this  project  were  reported  in  detail 
in  the  last  annual  report.   In  furtherance  of  that  report,  the  interaction  of 
tryptophan  hydroxylase  with  polyionlc  cellular  organelles  has  been  demonstrated 
(see  Project  report  ZOl  HI  01865-04  HE). 

Significance  to  Biomedical  Research  and  Institute  Programs:  These  results 
indicate  that  tryptophan  hydroxylase,  like  tyrosine  hydroxylase,  can  be  acti- 
vated by  its  association  with  polyanlonic  molecular  species.   Heparin  and 
other  sulfated  mucopolysaccharides  are  present  in  and  transported  along  neuro- 
nal pathways;  therefore,  the  alteration  in  tryptophan  hydroxylase  activity  by 
polyanlons  may  be  a  likely  mode  of  regulation  of  this  important  enzyme  in  vivo. 
These  results  also  contribute  more  generally  to  knowledge  about  the  electronic 
and  possible  conformational  requirements  for  maintaining  optimal  rates  of 
tryptophan  hydroxy lation.   The  recent  immunohistochemlcal  demonstration  of 
what  appears  to  be  an  association  of  tryptophan  hydroxylase  with  subcellular 
organelles  further  supports  the  suggestions  that  binding  of  tryptophan  hydrox- 
ylase to  cellular  particles  (perhaps  with  net  anionic  charges)  leads  to 
Increases  in  enzyme  activity. 

Proposed  Course  of  Project;   Additional  studies  will  be  carried  out  to  identify 
other  cellular  polyanlonic  substances  which  can  activate  tryptophan  hydroxylase. 
Advantage  will  also  be  taken  of  the  ability  of  tryptophan  hydroxylase  to  bind 
to  heparin  and  dextran  SO,  in  the  purification  of  the  hydroxylase.   Conforma- 
tional changes  in  the  enzyme  structure  will  be  studied  in  more  detail  (using 
a  purer  enzjrme  preparation)  in  an  effort  to  assess  the  extent  to  which  rapid 
changes  in  enzyme  structure  (in  response  to  a  variety  of  stimuli)  lead  to 
increases  in  activity  and,  in  turn,  increases  in  the  neurotransmitter  serotonin. 
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Finally,  it  was  recently  demonstrated  that  tyrosine  hydroxylase  can  interact 
with  tubulin.  It  will  be  of  interest  to  determine  if  tryptophan  hydroxylase 
can  associate  electrostatically  with  microtubules  as  does  tyrosine  hydroxylase. 

Publications: 

1.   Kuhn,  D.M. ,  Meyer,  M.A.  and  Lovenberg,  W. :  Activation  or  rat  brain 
tryptophan  hydroxylase  by  polyelectrolytes.   Biochem.  Pharmacol. 
28:  3255-3260,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Tryptophan  hydroxylase  appears  to  be  an  oxygen  sensitive,  iron  requiring 
enzyme.   Exposure  of  the  crude  enzyme  to  100%  0-  for  30  mln.  at  37°C  produces  a 
70%  reduction  in  activity.   Superoxide  and  hydroxyl  radicals  are  not  involved 
in  the  inactivation.   There  is  no  loss  of  activity  at  higher  temperatures  if 
the  enzyme  is  kept  under  Nj.  Activity  can  be  recovered  by  the  addition  of  thiols 
Iron  chelators  can  also  strongly  inhibit  tryptophan  hydroxylase,  at  least  in 
part,  by  competitive  inhibition  for  the  substrates  6MPH,  and  tryptophan.   If  the 
enzyme  is  exposed  to  25"'C  in  room  air  (20%  0  )  for  24-48  hrs,  a  substantial  loss 
of  activity  is  observed.   Activity  can  be  largely  recovered  by  incubating  the 
enzyme  (24  hrs)  under  anerobic  conditions  in  the  presence  of  dithiethreitol  and 
iron  at  25''C.   Preliminary  experiments  have  also  suggested  that  the  addition  of 
inorganic  sulfide  produces  an  additional  recovery  of  activity.   Finally,  sulf- 
hydryl reagents  strongly  inhibit  tryptophan  hydroxylase.   Taken  together,  these 


data  suggest  that  tryptophan  hydroxylase  can  exist  in  various  activity  states  de 
pending  on  the  extent  of  oxidation  or  reduction  of  critical  SH  groups.  The 
enzyme  may  be  an  iron  sulfur  protein. 
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Objectives:   Tryptophan  hydroxylase  is  the  initial  and  rate-limiting  enzyme 
in  the  biosynthesis  of  the  neurotransmitter  serotonin.   Progress  in  the 
determination  of  the  physical  and  regulatory  properties  of  this  important 
enzyme  has  been  slow,  apparently  as  a  result  of  the  extreme  lability  of  tryp- 
tophan hydroxylase.   The  primary  objectives  of  these  experiments  were  to 
determine  the  effects  of  sulfhydryl  groups,  iron  and  oxygen  on  the  stability 
and  catalytic  activity  of  tryptophan  hydroxylase.   It  is  of  particular  interest 
to  determine  if  tryptophan  hydroxylase  is  an  iron-sulfur  protein. 

Methods:   Tryptophan  hydroxylase  was  assayed  in  rat  mesencephalic  tegmental 
extracts  by  the  method  of  Baumbarten  e_t  al.  (J.  Neurochem.  21:  251,  1973). 
For  0„  and  N«  studies  the  enzyme  was  put  into  15  x  100  glass  tubes  fitted  with 
airtight  stoppers.   The  enzyme  solution  is  gassed  through  a  21  gauge  needle 
and  exhausted  through  another  21  gauge  needle.   Both  needles  were  removed 
after  3  min  of  gas  (0„  or  N^)  exchange. 

Major  Findings:   Exposure  of  tryptophan  hydroxylase  to  100%  0   at  37 °C  results 
in  rapid  losses  of  activity.   Under  these  conditions  the  enzyme  has  a  half-life 
of  12-14  min.   The  loss  of  activity  seen  was  prevented  if  0  was  replaced  by 
N„.   Superoxide  and  hydroxyl  radicals  were  not  responsible  for  the  loss  of 
activity  since  the  radical  scavengers  superoxide  dismutase,  catalase,  inosine, 
mannitol,  and  histidine  did  not  prevent  0„  inactivation.   The  0„  induced  in- 
activation  could  be  prevented  and  reversed  by  a  variety  of  reductants  including 
dithiothreitol,  £,  cysteine,  ascorbate,  mercaptoethanol  and  sodium  borohydride. 

The  iron  chelators  o-phenanthroline,  a,  a-dipyridyl,  and  8-hydroxyquinoline 
and  desf erioxamine  are  potent  inhibitors  of  the  hydroxylation  reaction.   It 
appears  that  the  inhibition  produced  by  these  agents  is  mediated,  at  least  in 
part,  by  competitive  inhibition  for  the  cosubstrates  6MPH,  and  tryptophan. 
Chromatography  of  the  enzyme  on  Sephadex  G-25  after  preincubation  with  o-phen- 
anthroline does  not  completely  reverse  the  inhibition,  possibly  indicating  that 
there  is  residual  o-phenanthroline  still  bound  to  the  iron  in  the  enzyme.   The 
enzyme  gradually  recovers  activity  as  the  Fe-o-phenanthroline  complex  dissociates. 
A  more  potent  and  very  specific  iron  chelator,  deferoxamine,  also  inhibits 
tryptophan  hydroxylation.   The  inhibition  by  iron  chelators  can  be  reversed 
by  the  addition  of  iron  to  the  assay. 

Reconstitution  of  enzyme  activity  can  be  successfully  completed  as  des- 
cribed below.   Enzyme  inactivated  by  exposure  to  room  air  (20%  0„)  at  25°C  for 
24-48  hrs.  has  been  successfully  reconstituted  by  incubating  the  enzyme  anero- 
bically  at  25°C  in  the  presence  of  5  mM  dithiothreitol  and  50  yM  ferrous  ammo- 
nium sulfate  for  24  hrs.   The  highest  recovery  of  activity  is  obligatory  to 
both  substances.   In  a  few  experiments  the  inclusion  of  inorganic  sulfide  lead 
to  a  slightly  greater  recovery  of  activity.   Enzyme  inhibited  by  higher  concen- 
trations of  0„  can  be  also  completely  reconstituted  by  anaerobic  incubation  in 
the  presence  of  DTT  and  Fe 

Finally,  the  sulfhydryl  reagents  PCMB,  iodoacetate,  N-ethyl  maleimide,  and 
mercuric  acetate  each  inhibited  tryptophan  hydroxylase.   Mercuric  acetate  was 
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the  most  potent  inhibitor.   The  inhibition  by  sulfhydryl  reagents  can  be  rapid- 
ly reversed  by  dithiothreitol. 

Significance  to  Biomedical  Research  and  Institute  Program;   These  studies  have 
identified  a  few  critical  factors  which  are  responsible  for  stabilization  of 
tryptophan  hydroxylase.   As  a  direct  result,  more  diligent  attempts  to  purify 
the  enzyme  can  now  be  made.   Once  accomplished,  numerous  studies  on  the  phy- 
sical, kinetic,  and  regulatory  properties  of  the  purified  enzyme  can  be  carried 
out.   These  types  of  studies  have  not  been  possible  in  the  past  because  of  the 
failure  of  investigators  to  achieve  significant  purification,  ostensibly  as  a 
result  of  the  extreme  lability  of  tryptophan  hydroxylase.   These  experiments 
have  also  suggested  that  tryptophan  hydroxylase  may  be  an  iron  or  iron-sulfur 
protein,  a  fact  which  was  implied  over  15  years  ago  but  not  completely  verified. 

Proposed  Course  of  Project:   Experimentation  will  continue  in  the  area  of 
enyzme  stabilization  and  the  possibility  of  extraction  and  purification  of 
tryptophan  hydroxylase  anerobically  is  being  pursued.   Additional  kinetic 
studies  are  proposed  to  assess  the  roles  of  iron  and  sulfur  in  the  catalytic 
activity  of  tryptophan  hydroxylase.   In  addition  to  anaerobic  chromatography, 
attempts  to  purify  brain  tryptophan  hydroxylase  by  affinity  chromatography  will 
be  carried  out  using  a  matrix  with  the  pterin  cofactor  covalently  bound  to  an 
agarose  backbone.   A  second  chromatographic  procedure  currently  under  investi- 
gation involves  hydrophobic  interaction  chromatography  on  phenyl-Sepharose. 

Publications: 

1.   Kuhn,  D.M. ,  Ruskin,  B. ,  and  Lovenberg,  W. :   Tryptophan  hydroxylase. 
The  role  of  oxygen,  iron,  and  sulfhydryl  groups  as  determinants  of 
stability  and  catalytic  activity.  J.  Biological  Chemistry  255:  4137- 
4143,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  the  present  project  was  to  probe  for  the  relationship  be- 
tween g-receptors  in  discrete  areas  of  rat  brain  and  blood  pressure  regulation. 
Specially  bred  WKY,  SHR  and  SHR/SP  rats  were  used  for  this  investigation.   The 
specific  areas  removed  and  analyzed  were  the  hypothalamus ,  hippocampus,  an  area 
containing  the  locus  coerulus  and  the  A^  area  containing  the  nucleus  tractus 
solitarius.   The  ligands  used  for  the  analysis  were  the  antagonist,  WB4101  and 
the  agonist  clonidine.   There  were  no  differences  in  WB4101  or  clonidine  binding 
in  any  of  the  areas  examined. 
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Objectives:   The  role  of  the  central  nervous  system  in  the  etiology  of  essen- 
tial hypertension  is  at  present  unclear.   There  has,  however,  been  some  evi- 
dence suggesting  a  link  between  the  noradrenergic  system  and  hypertension. 
Over  the  last  few  years  techniques  have  been  developed  whereby  one  can  in- 
vestigate certain  functional  characteristics  of  neuronal  systems.   One  of 
these  is  the  probing  of  receptors  by  the  use  of  specific  ligands.   The  purpose 
of  the  present  project  was  to  apply  this  technique  to  a  recently  bred  hyper- 
tensive strain  of  rats. 

Methods:   Linearity  with  respect  to  protein  concentration  was  confirmed  in 
each  region  for  both  WB  4101  and  clonidine  binding.   For  the  comparative 
analysis  each  ligand  binding  was  analyzed  at  low  concentrations  (2  mM)  while 
specific  binding  was  displaced  using  10  uM  phentolamine. 

Major  Findings;   Binding  studies  using  the  a-receptor  agonist  or  antagonist 
revealed  no  differences  in  the  extent  of  binding  in  any  of  the  regions  examin- 
ed in  the  SHR  rats. 

Significance  to  Biomedical  Research  and  Institute  Programs:   The  potential 
role  of  altered  receptor  function  in  the  CNS  as  factor  in  blood  pressure  re- 
gulation is  an  important  unresolved  question.   The  current  studies,  however, 
failed  to  reveal  differences  in  the  genetically  hypertensive  rats. 

Proposed  Course  of  Project:   Perform  an  analysis  using  other  radioligands 
specific  for  other  receptors  to  determine  their  involvement  in  hypertension. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  an  initial  group  of  experiments,  pineal  N-acetyltransf erase  activity  (NAT) 
was  measured  after  pretreatment  of  rats  with  phenoxybenzamine  (FOB).   Since  FOB 
stimulated  NAT  activity  in  light-treated  rats  and  since  propranolol  prevents  the 
effect  of  POB,  it  is  likely  that  RGB's  ability  to  prevent  the  light-mediated 
decrease  in  NAT  activity  is  by  way  of  stimulatory  action  of  the  drug  at  the  pineal 
beta- receptor .   In  vivo  experiments  demonstrating  that  ganglionectomy  and  adrenal- 
ectomy do  not  prevent  the  action  of  POB  suggest  that  this  effect  is  produced  by 
direct  action  of  the  drug  on  the  pineal  beta-receptor  and  not  an  indirect  action 
mediated  by  another  central  or  peripheral  mechanism.   Experiments  demonstrating 
stimulatory  activity  of  POB  on  NAT  activity  in  cultured  pineals  confirm  this  sug- 
gestion.  In  a  second  series  of  experiments  the  role  of  cyclic  AMP  in  the  rapid 
light-mediated  decrease  in  NAT  activity  was  investigated.   The  decrease  in  NAT 
activity  was  consistently  accompanied  by  a  decrease  in  cAMP  content  after  one 
minute  of  light  exposure  to  dark-adapted  rats.   This  was  followed  by  a  more  marked 
rise  in  cAMP  content  after  4-6  minutes.   These  changes  in  cAMP  were  prevented  by 
pretreating  rats  with  POB  and  were  in  part  mimicked  by  propranolol. 
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Objectives:   These  experiments  were  designed  to  understand  those  events  involved 
in  the  neuroregulation  of  pineal  NAT  activity. 

Methods:  Male  Sprague  Dawley  rats  were  used  in  these  experiments.   In  those 
experiments  investigating  the  role  of  cyclic  nucleotides  in  NAT  regulation 
special  care  was  taken  to  ensure  that  the  rats  were  maintained  on  a  12  hour 
light-12  hour  dark  lighting  schedule.   NAT  was  assayed  by  the  method  of  Deguchi 
and  Axelrod  (Analyt.  Biochem.  ,  5^0:  174,  1972).   Cyclic  AMP  was  assayed  by  a 
radioimmunoassay  adopted  from  Steiner  et_al.  (J.  Biol.  Chem. ,  247:  1106,  1972). 

Major  Findings:   Pineal  N-acetyltransf erase  (NAT)  activity  was  measured  after 
pretreating  rats  with  phenoxybenzamine  (POB)  (40  mg/kg)  under  a  variety  of 
lighting  conditions.   POB  prevented  both  the  light-mediated  decrease  in  NAT 
activity  and  the  decrease  observed  (even  in  rats  left  In  the  dark)  at  the  onset 
of  their  customary  light  period.   Rats  administered  POB  and  maintained  in  the 
light  demonstrated  increased  pineal  NAT  activity  3-4  hours  later.   This  effect 
of  POB  was  greatly  enhanced  in  superior  cervical  ganglionectomized  rats,  but 
was  unaffected  by  adrenalectomy.   The  induction  was  blocked  by  propranolol 
suggesting  that  the  effect  is  ultimately  mediated  by  pineal  beta-receptors . 

Cultured  pineals  demonstrated  elevated  NAT  activity  when  incubated  with 
POB.   This  effect  was  also  enhanced  when  pineals  were  obtained  from  rats  which 
had  been  previously  ganglionectomized.   Initial  experiments  also  suggest  that 
pineals  incubated  with  a  combination  of  POB  and  norepinephrine  (NE)  produce  an 
induction  in  NAT  that  is  greater  than  that  which  is  achieved  with  either  drug 
alone. 

These  results  suggest  that  POB  stimulated  pineal  NAT  activity  directly  by 
pinealocyte.   This  effect  is  apparently  ultimately  mediated  by  the  pineal  beta- 
receptor.   POB  itself  may  be  working  directly  on  the  beta-receptor  or  possibly 
at  a  site  that  modifies  the  response  to  beta-adrenergic  stimulation. 

Measurement  of  pineal  cAMP  content  after  exposing  dark-adapted  rats  to 
light  for  1-6  min  revealed  that  a  decrease  in  NAT  activity  was  accompanied  by  a 
decrease  in  cAMP  content.   This  decrease  in  cAMP  content  was  very  transient  and 
was  followed  by  a  marked  increase  in  cAMP  content.   These  changes  in  cAMP  were 
reproduced  when  a  decrease  in  NAT  activity  was  precipitated  with  intravenous 
administration  of  propranolol  except  that  no  increase  in  cAMP  content  above  con- 
trol values  was  observed.   This  increase  in  cAMP  corresponded  temporally  with  an 
increase  in  adenylate  cyclase  activity. 

The  observation  that  a  50%  decrease  in  pineal  cAMP  content  accompanies  the 
light-mediated  decrease  in  NAT  and  that  this  decrease  in  cAMP  is  prevented  when 
POB  is  used  to  prevent  the  light-mediated  decrease  in  NAT,  suggest  that  these 
two  events  may  be  linked.   Thus,  a  decrease  in  cAMP  may  serve  as  a  triggering 
mechanism  for  the  decrease  in  NAT  activity. 

Significance  to  Biomedical  Research  and  Institute  Programs:   This  project  seeks 
to  use  the  pineal  as  a  model  system  for  understanding  neuroregulation  of  post- 
synaptic biochemical  processes.   Because  the  changes  in  enzyme  activity  are 
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both  rapid  and  marked  the  pineal  seems  ideal  for  this  type  of  research.   By 
using  this  system  in  conjunction  with  a  number  of  pharmacological  agents  not 
only  can  a  more  complete  understanding  of  the  neurotransmission  within  the 
sympathetic  nervous  system  be  achieved,  but  the  mechanism  of  action  of  these 
drugs  can  also  be  more  clearly  elucidated — drug  classes  which  are  commonly 
used  therapeutically.   Finally,  this  work  may  also  be  expected  to  ultimately 
lead  to  a  clearer  understanding  of  the  function  of  the  pineal  itself. 

Proposed  Course  of  the  Project:   Because  the  principal  investigator  plans  to 
resume  residency  training  elsewhere,  this  project  will  be  terminated  at  the 
end  of  June  1980. 

Publications ; 

1.   Alphs,  L. ,  Lovenberg,  W.  and  Heller,  A.:  Adrenergic  regulation  of 
the  light  mediated  fall  of  acetyl  coenzjmie  A:  Arlamine  N-acetyl- 
transf erase  activity  in  the  rat  pineal.   J.  Neurochem.  34  (1): 
83-90,  1979. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  cyclic  AMP  specific  phosphodiesterase  has  been  identified  in  a  malignant 
tumor  (P  815)  of  murine  mast  cells.   The  PDE  is  found  primarily  (85%)  in  the 
soluble  fraction  of  the  cell.   The  enzyme,  purified  approximately  10-fold  by 


gel  filtration,  occurs  in  a  single  molecular  and  kinetic  form  (low  K  ) ,  and  is 
apparently  not  dependent  on  calcium  and  calmodulin  for  optimal  activity. 
Although  cGMP  is  hydrolyzed  at  only  4%  of  the  rate  of  cAMP  hydrolysis,  this 
cyclic  nucleotide  inhibits  cAMP  PDE  activity  by  50-60%  at  a  concentration  2.5  yM. 
The  mast  cell  PDE  activity  also  displays  anomalous  behavior  on  gel  filtration 
and  sucrose  gradient  centrifugation.   The  Stokes  radius  was  determined  by  gel 
filtration  to  be  54.4  A  and  the  s^q   was  determined  by  gradient  centrifugation 
to  be  2.73S.   Using  these  values  a  fholecular  weight  of  61,000  and  a  frictional 
ratio  of  1.93  were  calculated.   This  PDE  is  apparently  an  asymmetric  enzyme 


with  novel  molecular  and  regulatory  properties. 
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Objectives:   Multiple  forms  of  cyclic  nucleotide  phosphodiesterase  (PDE)  have 
been  identified  in  extracts  of  many  mammalian  tissues.   These  forms  differ  in 
their  kinetic  behavior,  substrate  specificity  and  response  to  various  effectors 
and  seem  to  exist  in  different  ratios  in  various  type  cells.   At  least  one 
form  of  these  phosphodiesterases  can  be  activated  by  calmodulin,  an  endogenous 
thermostable  protein.   Interaction  of  this  enzyme  with  calmodulin  and  calcium 
results  in  a  decrease  in  the  K  of  the  enzyme  for  substrate  and  an  increase 
in  V    .   However,  a  complete  definition  of  the  elements  involved  in  the 
regulation  of  these  various  forms  has  not  been  achieved.   Therefore,  we  sought 
to  determine  some  of  the  primary  molecular  and  regulatory  properties  of  the 
mast  cell  PDE. 

Methods:   Male  Balb/c  x  DBA  mice  were  used  and  neoplastic  (P  815)  murine  mast 
cells  were  harvested  and  transplanted  as  previously  described  (ZOl  HL  03509- 
01  HE).   Phosphodiesterase  activity  was  assayed  by  the  method  of  Filburn  and 
Karn  (Analyt.  Biochem.  ,  1973,  52^,  505-516). 

Major  Findings:   The  cAMP  hydrolyzing  activity  in  mast  cells  was  confined 
almost  exclusively  (85%-90%)  to  the  soluble  fraction  of  the  cell.   The  PDE 
occurs  in  a  single  molecular  and  kinetic  (low  K  )  form  and  is  apparently  not 
dependent  on  either  calcium  or  calmodulin  for  optimum  activity.   The  Stokes 
radius  was  determined  by  gel  filtration  to  be  54.4  A  and  the  s„_   was 
determined  by  gradient  centrifugation  to  be  2.73S.   Using  these  "Values,  a 
molecular  weight  of  61,000  and  a  frictional  ratio  of  1.93  were  calculated. 

Significance  to  Biomedical  and  Research  Institute  Programs:   The  foregoing 
results  with  the  mast  cell  PDE  are  significant  in  that  they  represent  the 
first  demonstration  of  a  PDE  enzyme  which  exists  in  a  tissue  as  a  single 
molecular  and  kinetic  (high  affinity)  form.   Furthermore,  the  enzyme  is 
substrate  specific  for  cAMP  and  is  apparently  not  dependent  on  either  calcium 
or  calmodulin  for  optimal  activity.   Additional  studies  are  necessary  to 
determine  if  this  PDE  is  the  prototypical  catalytic  unit  of  many  other  PDE 
enzymes. 

It  has  been  suggested  that  malignancy  is  often  associated  with  low 
effective  levels  of  cAMP.   The  cytosol  fractions  of  hepatoma  cells  are 
deficient  in  cAllP  binding  sites  and  a  shift  in  the  elution  profile  of  liver 
protein  kinases,  the  activities  of  which  were  associated  with  cAMP  were 
reported  in  Yoshida  ascites  tumor  bearing  rats.   The  high  relative  specific 
activity  of  PDE,  resulting  in  low  levels  of  cAMP  (Preliminary  experiments 
revealed  that  the  concentration  of  cAMP  in  cell  extracts  is  5.3  nM  and  the 
concentration  of  cGMP  is  5.2  nM) ,  may  therefore  have  some  bearing  on  various 
aspects  of  altered  cellular  metabolism  in  the  malignant  mast  cells. 

Proposed  Course  of  Project:   Studies  are  underway  to  purify  the  mast  cell 
PDE  to  homogeneity.   Once  purified,  more  direct  physical  methods  will  be 
used  to  determine  molecular  weight  and  other  properties  of  the  PDE.   In 
addition,  attempts  will  also  be  made  to  produce  antibodies  to  the  purified 
PDE. 

In  an  attempt  to  learn  more  about  the  relationship  of  cellular  malignancy 
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to  the  activation  of  PDE,  cells  will  be  assayed  for  PDE  at  various  stages  of 
malignancy  so  that  a  correlation  can  be  made  between  total  enzyme  activity 
and  altered  cellular  proliferation.   With  antibodies,  it  can  be  determined 
whether  the  enzyme  is  activated  or  if  additional  enzyme  molecules  have  been 
synthesized.   Finally,  attempts  will  be  made  to  ascertain  if  calmodulin  is 
in  fact  a  subunit  of  the  mast  cell  PDE.   We  will  take  advantage  of  new 
affinity  chromatographic  methods  which  can  specifically  isolate  calmodulin 
containing  proteins. 

Publications: 

1.   Sankaran,  K. ,  Kuhn,  D.M. ,  and  Lovenberg,  W. :   Cyclic  AMP  specific, 
calcium  independent  phosphodiesterases  from  a  malignant  murine  mast 
cell  tumor.   Biochem.  Biophys.  Res.  Commun. ,  1979,  89,  793-799. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Calcium  stimulated  the  endogenous  phosphorylation  of  several  synaptosomal 
cytosolic  proteins.   The  effects  of  calcium  were  both  concentration  and  time 
dependent  and  were  most  apparent  for  proteins  with  molecular  weights  (M  )  of 
50,000,  55,000  and  60,000.   Exogenous  calcium  (1.0-100  yM)  enhanced  the^net  in- 
corporation of  phosphate  into  protein  by  as  much  as  23-fold.   The  antipsychotic, 
fluphenazine  (1.0-100  yM) ,  caused  a  concentration  dependent  decrease  in  calcium 
stimulated  protein  phosphorylation.   When  the  heat-stable  calcium  binding  pro- 
tein, calmodulin,  was  removed  from  synaptosomal  cytosol  by  affinity  chromato- 
graphy on  f luphenazine-sepharose,  calcium- stimulated  protein  phosphorylation 
was  abolished.   Responsiveness  to  calcium  could  be  stored  by  the  addition  of 
calmodulin  to  the  phosphorylation  assay.   These  results  indicate  that  calcium 
dependent  protein  kinases  are  of  major  importance  in  regulating  the  phosphory- 
lation of  specific  cytosolic  proteins  in  neuronal  tissue. 
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Objectives:   Calcium  ion,  perhaps  through  the  activation  of  a  specific  calcium 
dependent  protein  kinase,  has  been  found  to  regulate  the  phosphorylation  of 
specific  proteins  found  in  preparations  of  synaptic  plasma  membranes,  synaptic 
vesicle  membranes,  cerebral  cortical  slices,  synaptosomes,  and  synaptosomal 
lysates.   Recent  evidence  indicates  that  the  calcium  dependent  phosphorylation 
of  synaptic  plasma  membranes  and  synaptic  vesicles  requires  the  heat-stable 
calcium  binding  protein,  calmodulin.   Since  the  calmodulin-regulated  protein 
phosphorylation  of  synaptic  vesicle  proteins  have  been  linked  to  the  release 
of  neurotransmitter  from  isolated  vesicles,  this  protein  phosphorylation  sys- 
tem may  play  an  important  role  in  neuronal  fimction.   Although  the  calcium- 
calmodulin  activated  protein  kinases  and  associated  substrates  in  neuronal 
membranes  have  been  identified  and  partially  purified,  specific  calcium  and/or 
calmodulin  requiring  protein  kinases  and  associated  substrates  have  not  been 
identified  in  neuronal  cytosol. 

The  specific  objectives  of  the  present  investigation  were  to  determine 
the  extent  of  phosphoprotein  substrates  in  neuronal  cytosol  that  were  phos- 
phorylated  in  a  calcium  dependent  manner.   Since  the  soluble  fraction  of  neu- 
ronal tissue  (synaptosomes)  is  known  to  have  a  high  concentration  of  calmodu- 
lin, the  effects  of  calcium  on  protein  phosphorylation  were  likely  to  be  medi- 
ated through  protein  kinases  that  require  calmodulin  as  a  coenzyme.   Therefore, 
we  determined  if  the  calcium  regulated  phosphorylation  of  synaptosomal  cyto- 
solic  proteins  satisfied  the  criteria  for  a  calmodulin  mediated  effect. 

Methods: 


Tissue  preparation.   Male,  Wistar  rats  were  killed  by  decapitation,  the 
brains  removed  and  the  striata  dissected  within  30  seconds.   A  crude  synapto- 
somal lysate  was  prepared  from  a  striatal  homogenate  by  differential  centrifu- 
gation.   This  lysate  was  centrifuged  at  140,000  x  g  for  90  minutes.   The 
resulting  supernatant  fraction  was  used  as  a  source  of  synaptosomal  cytosol. 

Phosphorylation  assays.   The  net  incorporation  of  phosphate  into  striatal 
synaptosomal  cytosolic  proteins  was  assayed  at  30°C  in  a  standard  assay  mix- 
ture containing  £200  yl  final  volume(  50  mM  HEPES,  pH  7.0,  10  mM  MgCl2,  1.0  mM 
DTT  and  5  yM  ["y   P]  ATP.   Following  a  one  minute  preincubation  of  the  assay 
mixture,  the  phosphorylation  reaction  was  initiated  by  the  addition  of  the 
synaptosomal  cytosol.   After  one  minute  the  reaction  was  terminated  by  solu- 
bilizing  the  cytosol  proteins  in  100  yl  of  a  sample  buffer  containing  9%  SDS, 
0.03  Tris-HCl  buffer,  pH  8.0,  containing  6%  Mercaptoethanol,  3  mM  EDTA  and 
27%  sucrose.   All  samples  were  assayed  at  least  in  duplicate. 

Removal  of  calmodulin  from  synaptosomal  cytosol.   Aliquots  of  synaptosomal 
cytosol  were  subjected  to  affinity  chromatography  on  f luphenazine-sepharose 
columns  (0.5  x  5.0  cm)  in  order  to  remove  endogenous  calmodulin  from  the  cyto- 
sol.  Following  chromatography,  the  eluates  were  divided  into  aliquots  and 
the  protein  values  were  adjusted  to  100  yg  per  sample.   Calmodulin  previously 
prepared  by  affinity  chromatography,  was  then  added  to  half  of  the  samples 
and  all  tubes  were  assayed  for  phosphorylation  as  described  above. 
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Gel  Electrophoresis,  Autoradiography  and  Mlcrodensltometry.   Proteins  were 
resolved  on  SDS  polyacrylamide  slab  gels.   The  acrylamide  concentration  was 
6%  and  10%  in  the  stacking  and  resolving  gels,  respectively.   Both  stacking 
and  resolving  gels  contained  SDS  at  a  final  concentration  of  0.1%.   Following 
electrophoresis  the  gels  were  fixed  and  stained  with  0.1%  Coomassie  blue  R250 
and  50%  methanol,  10%  acetic  acid  before  drying  under  heat  and  vacuum.   Auto- 
radiography was  carried  out  for  a  period  of  1-2  days  using  Kodak  RP  x-ray 
film.   The  molecular  weights  of  the  protein  bands  were  estimated  from  molecu- 
lar weight  standards.   Th^  incorporation  of  phosphate  into  specific  protein 
bands  was  determined  by  microdensitometry  of  the  autoradiographs  using  an 
EC  290  transmission  microdensitometer.   Protein  phosphorylation  was  quanti- 
fied from  the  densitometric  scans  by  integration  of  the  areas  under  the  peaks 
corresponding  to  specific  protein  bands. 

Major  Findings:   Calcium  (1.0-100  pM)  stimulated  the  phosphorylation  of  several 
specific  synaptosomal  cytosolic  proteins.   These  effects  were  both  concentration 
and  time  dependent  and  were  most  apparent  for  proteins  with  molecular 
weights  (M  )  of  50,000,  55,000  and  60,000.   Maximal  stimulation  of  phosphory- 
lation by  calcium  was  as  great  as  25-fold  above  control  levels.   In  the  absence 
of  added  calcium,  the  calcium  chelator,  EGTA,  did  not  lower  the  phosphorylation 
of  any  protein  below  control  levels,  however,  EGTA  was  completely  effective  in 
blocking  calcium-stimulated  phosphorylation.   A  number  of  antipsychotic  drugs 
bind  to  calmodulin  with  high  affinity  in  a  calcium  dependent  fashion.   We 
exploited  this  property  of  antipsychotics  in  order  to  examine  the  role  of  cal- 
modulin in  the  calcium  stimulated  phosphorylation  of  synaptosomal  cytosolic 
proteins.   Two  approaches  were  chosen.   In  the  first,  the  antipsychotic, 
f luphenazine,  was  added  to  the  phosphorylation  assay  to  serve  as  a  calmodulin 
antagonist.   In  the  second,  f luphenazine  was  linked  to  sepharose  in  order  to 
serve  as  an  affinity  matrix  for  the  removal  of  calmodulin  from  synaptosomal 
cytosol.   The  addition  of  f luphenazine  (1.0-50  yM)  to  the  phosphorylation  assay 
caused  a  concentration  dependent  decrease  in  calcium  stimulated  protein  phos- 
phorylation.  As  little  as  25  yM  fluphenazine  reduced  the  calcium  stimulated 
phosphorylation  to  levels  equal  to  those  observed  in  the  absence  of  calcium. 
When  synaptosomal  cytosol  was  subjected  to  affinity  chromatography  on  a  flu- 
phenazine-sepharose  matrix  it  was  found  that  this  procedure  was  effective  in 
removing  endogenous  calmodulin  and  resulted  in  an  abolition  of  calcium  stimu- 
lated phosphorylation.   Responsiveness  to  calcium  could  be  restored  by  the 
addition  of  calmodulin  (0.5  yg)  to  the  phosphorylation  assay. 

Significance  to  Biomedical  Research  and  Institute  Program:   Although  specific 
phosphorylated  proteins  found  in  neuronal  membranes  have  been  implicated  as 
physiological  effectors  for  the  diverse  actions  of  a  variety  of  intracellular 
regulatory  agents,  including  calcium,  little  attention  has  been  given  to  the 
possibility  that  proteins  in  the  cytosol  compartment  may  function  in  a  similar 
capacity.   Our  findings  that  physiological  levels  of  calcium  stimulate  the 
phosphorylation  of  specific  cytosolic  proteins  in  a  calmodulin  dependent  fashion 
supports  the  hypothesis  that  calcium  serves  to  transmit  within  the  cytosol  by 
functioning  as  a  second  messenger  when  bound  to  specific  soluble  proteins 
such  as  calmodulin.   That  a  calcium- regulated  phosphorylation  system  in  neuronal 
cytosol  may  play  an  important  role  in  synaptic  function  is  indicated  by  the 
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e.g.,  tyrosine  hydroxylase  and  tryptophan  hydroxylase,  are  activated  under 
phosphorylating  conditions  and  can  be  regulated  in  a  calcium  dependent  manner. 

Proposed  Course  of  Project:   Specific  calcium-calmodulin  regulated  protein 
kinases  and  the  associated  phosphoprotein  substrates  in  neuronal  cytosol  will 
be  identified  and  purified  in  an  attempt  to  correlate  the  degree  of  phosphory- 
lation with  the  functional  state  of  these  specific  proteins. 

Publications : 

1.   O'Callaghan,  J.P. ,  Dunn,  L.A. ,  and  Lovenberg,  W. :   Calcium  regulated 
phosphorylation  in  synaptosomal  cytosol:   Dependence  on  calmodulin. 
Proc.  Nat'l  Acad.  Sci.  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Electrical  stimulation  of  the  dorsal  or  median  raphe  nucleus  in 
anesthetized  rats  produces  a  transient  increase  in  arterial  blood  pressure. 
Heart  rate  and  respiratory  rate  do  not  appear  to  change  systematically  after 
stimulation.   Transections  rostral  or  caudal  to  the  raphe  nucleus  or  electro- 
lytic lesions  of  the  nucleus  linearis  abolishes  the  pressor  response  to  stimula- 
tion.  Depletion  of  brain  serotonin  with  PCPA  significantly  attenuates  the 
pressor  effect  of  both  dorsal  and  median  raphe  stimulation.   Fluoxetine,  a 
specific  serotonin  uptake  inhibitor,  prolongs  the  duration  of  the  raphe  pressor 
effect  and  slightly  increases  its  magnitude.   Injections  of  the  serotonin  anta- 
gonist BOL  into  the  anterior  hypothalamus  area  significantly  attenuates  the 
dorsal  raphe  pressor  effect  whereas  treatment  of  rats  with  the  sympathetic 
postganglionic  blocking  agent  bretylium  prevents  the  stimulation  induced 
pressor  effect.   Taken  together  these  data  suggest  that  stimulation  of  the 
ascending  serotonergic  neuronal  system  produces  a  phasic  pressor  effect  which  is 
mediated,  at  least  in  part,  by  synaptic  serotonin. 
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Objectives;   The  contributions  of  the  central  nervous  system  to  the  regulation 
of  arterial  blood  pressure  have  been  investigated  in  some  detail.   However, 
the  role  of  discrete  neurochemical  systems,  such  as  the  catecholaminergic  and 
especially  the  serotonergic  systems,  have  not  been  studied  extensively. 
The  purpose  of  this  project  was  to  assess  the  role  of  the  ascending  seroto- 
nergic neuronal  system  in, regulation  of  blood  pressure  using  techniques  of 
electrical  stimulation  of  the  brain  and  pharmacological  manipulation  of  the 
serotonergic  system. 

Methods;  Male  Sprague-Dawley  rats  were  used.   Rats  were  anesthetized  with 
chloropent  and  one  femoral  artery  and  one  femoral  vein  were  cannulated.   The 
subjects  were  then  mounted  in  a  Kopf  sterotaxic  instrument  for  stimulation. 
Twisted  bipolar  electrodes  (0.25  ijmi  diameter)  were  aimed  at  the  dorsal  or 
median  raphe  and  electrical  current  was  delivered  via  a  WPI  dual  channel  pulse 
stimulator  using  stimulus  isolation  units  to  ensure  delivery  of  a  constant 
current  stimulus.   The  following  parameters  were  varied  at  the  indicated  values; 
frequency  (1,10,25, 50Hz) ,  current  (100-500yA),  pulse  duration  (0. 1-1. 0msec) . 
Alternating  biphasic  squarewave  pulses  were  delivered  in  trains  lasting  for 
5  sec.   Blood  pressure  was  measured  with  a  Statham  P23ID  transducer  and 
recorded  on  a  Sanborn  Polygraph.   After  stimulation  experiments  brains  were 
fixed  in  formaldehyde  and  electrode  placement  was  verified  histologically. 

Major  Findings:   Stimulation  of  either  the  dorsal  or  median  raphe  nucleus 
produced  pressor  effects  which  were  proportional  to  the  frequency  and  current 
parameters  of  electrical  stimulation.   Increases  in  blood  pressure  as  large 
as  80  mm  Hg  were  observed  at  50  pA,  50  Hz.   Heart  rate  and  respiratory  rate 
fluctuated  slightly,  but  did  not  change  systematically  after  raphe  stimulation. 
The  anatomical  specificity  of  the  pressor  effect  was  confirmed  by  functional- 
anatomical  studies.   Pressor  effects  were  only  observed  if  the  electrodes  were 
in  either  raphe  nucleus.   Transections  of  the  brain  rostral  or  caudal  to  the 
raphe  nuclei  abolished  the  pressor  response  to  raphe  stimulation.   Electrolytic 
lesions  of  the  nucleus  linearis,  a  locus  of  ascending  serotonergic  tracts,  also 
abolished  the  pressor  response  to  stimulation. 

Depletion  of  brain  serotonin  with  PCPA  significantly  lessened  the  pressor 
response  to  raphe  stimulation.   Inhibition  of  uptake  of  serotonin  with  the  drug 
fluoxetine  slightly  increased  the  magnitude  of  the  pressor  response  and  signi- 
ficantly prolonged  its  duration.   Injections  of  the  serotonergic  antagonist  BOL 
directly  into  the  area  of  the  anterior  hypothalamus  also  significantly  attenuat- 
ed the  pressor  response  to  raphe  stimulation.   Finally,  the  sympathetic  post- 
ganglionic blocking  agent  bretylium  markedly  attenuated  the  raphe  pressor 
response. 

Significance  to  Biomedical  Research  and  Institute  Programs  :   These  results 
establish  clearly  that  the  brain  serotonergic  neuronal  system  constitutes  an 
important  central  pressor  network.   These  data  also  integrate  well  with  a 
growing  body  of  evidence  which  has  recognized  the  potential  importance  of  brain 
serotonin  in  the  regulation  of  the  cardiovascular  system.   Furthermore,  these 
experiments  have  opened  a  new  avenue  of  investigation  into  the  pharmacologic 
and  brain  physiologic  regulation  of  blood  pressure. 
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Proposed  Course  of  Project:   The  following  experiments  will  be  undertaken  to 
delineate  the  anatomical  and  neurochemical  determinants  of  hypertension  within 
the  serotonergic  neuronal  system.   Some  of  these  experiments  are  in  progress: 

1.  Serotonin  will  be  microinjected  into  various  brain  areas  while 
recording  blood  pressure.   The  site  of  most  importance  appears  to  be  the 
anterior  hypothalamus. 

2.  Genetically  hypertensive  rats  and  their  controls  will  be  stimulated 
as  described  above  and  blood  pressure  and  heart  rate  will  be  monitored. 

3.  Discrete  chemical  lesions  of  the  brain  serotonin  system  will  be 
induced  with  the  neurotoxin  5,7-DHT  and  the  development  of  renal  hypertension 
(DOC-salt)  will  be  monitored. 

Publications : 

1.  Kuhn,  D.M. ,  Wolf,  W.A. ,  and  Lovenberg,  W. :   Review  of  the  role  of  the 
central  serotonergic  neuronal  system  in  blood  pressure  regulation. 
Hypertension  2:  243-255,  1980. 

2.  Kuhn,  D.M. ,  Wolf,  W.A.,  and  Lovenberg,  W. :   Pressor  effects  of  electrical 
stimulation  of  the  dorsal  and  median  raphe  nuclei  in  anesthetized  rats. 
J.  Pharmacol.  Exp.  Ther.,  in  press,  1980. 

3.  Kuhn,  D.M.  and  Lovenberg,  W. :  Vaso-  and  psychoactive  substances  in 
foods.  In:  Nutritional  Toxicology,  Nathcock,  J.N.  (ed) . ,  Academic 
Press,  1980  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Kinetic  analysis  of  adrenal  tyrosine  hydroxylase  (TH)  with  respect  to  varying 

concentrations  of  6-methyltetrahydropterin  cof actor  demonstrated  two  distinct 

forms  of  the  enzjrme-one  with  a  relatively  low  cofactor  affinity  and  a  high  V 

and  another  with  a  100-fold  greater  cofactor  affinity  and  a  low  V   .   Initial 

Scatchard  analysis  by  computer  suggests  that  phosphorylation  of  adrenal  TH 

produces  qualitatively  distinct  changes  in  the  kinetics  of  these  2  forms  of  TH. 

Passing  a  crude  adrenal  homogenate  over  Dowex-50  seems  to  convert  the  enzyme  to 

isingle  kinetic  form  with  intermediate  K  's  and  V   's. 
I  m        max 
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Objectives;   The  purpose  of  this  work  was  to  characterize  the  kinetic  changes 
in  rat  adrenal  TH  activity  that  occur  when  TH  is  activated  by  in  vitro  phos- 
phorylation or  when  catecholamines  are  removed  from  a  crude  homogenate  by 
passing  it  over  ion  exchange  resin. 

Methods:  Male  Sprague-Dawley  rats  were  used.   Rats  were  decapitated  and  adre- 
nals  were  rapidly  removed  and  assayed  for  TH  activity  by  the  method  of  Lerner 
et  al.  (Neurochemical  Research,  3^,    641  1978).   Computer  analysis  was  used  to 
evaluate  the  kinetic  parameters  for  V    and  K  using  a  modified  program  written 
by  Faden  and  Rodbard  (SCATFIT,  1976). 

Major  Findings: 

1)  Adrenal  TH  activity  is  observed  to  have  2  major  kinetic  forms  with  res- 
pect to  the  cofactor  6-methyltetrahydropterin.   One  form  has  a  relatively  low 
cof actor  affinity  and  a  high  V    and  another  has  a  100- fold  greater  affinity 

for  this  cofactor  and  a  lower  V 

max 

2)  Phosphorylating  the  enzyme  in  vitro  is  seen  to  increase  the  K  of  the 

high  affinity  form  while  markedly  increasing  its  V    and  to  decrease  the  K 

of  the  low  affinity  form  with  little  change  in  V 

■'  max 

3)  Changes  produced  by  phosphorylation  are  not  as  readily  apparent  at  the 
in  vitro  pH  optimum  of  TH  as  at  higher,  possibly  more  physiologic,  pH's  (6.4- 
6.8). 

4)  Passing  a  crude  adrenal  homogenate  over  Dcwlex-50  produces  a  single 

kinetic  form  of  TH  with  intermediate  values  for  V    and  K  . 

max      m 

Significance  To  Biomedical  Research  and  Institute  Programs:   This  project  seeks 
to  investigate  the  regulation  of  TH  in  the  adrenal  as  a  model  for  understanding 
mechanisms  of  control  of  the  adrenergic  and  dopaminergic  nervous  systems.   The 
evidence  of  2  kinetic  forms  of  TH  is  highly  significant,  as  it  suggests  that 
previous  data  investigating  only  a  narrow  range  of  cofactor  concentrations  have, 
in  reality,  been  observation  of  the  sum  of  changes  in  these  two  forms.   A 
more  detailed  analysis  of  our  current  work  with  in  vitro  activation  of  TH  with 
phosphorylation  and  endogenous  activation  is  likely  to  give  both  a  more  detailed 
and  accurate  understanding  of  the  mechanisms  of  control  of  this  important 
adrenergic  enzjmie.   These  findings  also  have  potential  for  deepening  our  under- 
standing of  diseases  as  varied  as  schizophrenia,  Parkinson's  disease  and 
others  involving  the  adrenergic  or  dopaminergic  nervous  system. 

Proposed  Course  of  Project:   Future  experiments  are  planned  to  repeat  the  pre- 
sent data  to  allow  for  a  more  detailed  statistical  analysis  of  activation  mech- 
anisms of  TH.   We  plan  to  expand  this  work  to  look  at  the  control  of  striatal 
TH  which  preliminary  experiments  also  demonstrate  to  have  2  kinetic  forms  with 
respect  to  cofactor. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  acute  administration  of  cocaine  (15-30  mg/kg)  ccnsistantly  increases 
substance  P  in  dorsal  raphe  with  a  corresponding  decrease  in  5-HT  levels.   When 
rats  are  treated  with  5-hydroxytryptophan  (5-HTP)  along  with  the  decarboxylase 
inhibitor,  R04-4602,  5-HT  content  in  PM  increases  with  a  significant  decrease 
in  SP  level  in  dorsal  raphe.   But  when  cocaine,  5-HTP  and  RO4-4602  are 
administered  simultaneously,  the  changes  in  5-HT  and  SP  levels  are  attenuated. 
These  results  suggest  that  there  is  a  specific  interaction  between  the  neuro- 
transmitters substance  P  and  5-HT  in  the  dorsal  raphe  area. 
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Objectives;   Certain  psychomotor  stimulatants  such  as  cocaine,  amphetamine 
and  methyl  phenidate  appears  to  have  serotonergic  effects  in  central  nervous 
system.   It  has  been  demonstrated  in  a  series  of  studies  by  Pradhan  ^t^  al 
that  behavioral  effects  of  these  drugs  such  as  motor  hyperactivity,  sterotypy 
and  increase  in  self-stimulation  uehavior  can  be  correlated  with  the  drug- 
induced  increase  in  dopamine  (DA)  levels  in  the  caudate  nucleus  (CN)  and 
diencephalon-midbrain  (DM)  and  decrease  in  serotonin  (5-HT)  levels  in  the  DM 
and  Pons-medulla  (PM) .   Furthermore,  in  cocaine-treated  rats  pretreatment  with 
the  5-HT  precursor,  5-hydroxytryptophan  (5-HTP)  along  with  a  decarboxylase 
inhibitor  (RO4-4602)  at  a  dose  that  replenished  the  previously  reduced  levels 
of  5-HT,  also  reduced  the  elevated  levels  of  DA  in  the  respective  brain  area 
as  well  as  inhibited  the  induced  behavioral  effects. 

The  objective  of  this  study  was  therefore  to  test  for  the  dynamic 
interaction  if  any  between  the  SP  and  5-HT  systems  in  certain  CNS  areas  by 
using  a  psychomotor  stimulant  such  as  cocaine  and  5-HTP,  the  serotonin 
precursor  as  pharmacological  tools  and  the  sensitive  radioimmunoassay  technique 
for  estimation  of  SP. 

Major  Findings:   The  interrelationship  of  substance  P-like  immunoreactivity 
(SPLI)  in  rat  dorsal  raphe  nucleus  to  the  brain  content  of  5-hydroxytryptamine 
(5-HT)  was  investigated  in  animals  treated  with  the  serotonin-active  drug 
cocaine.   Following  the  acute  administration  of  this  compound  (15-30  mg/kg) 
there  was  consistently  a  specific  increase  of  SPLI  in  dorsal  raphe  which  was 
accompanied  by  a  significant  decrease  of  5-HT  levels  in  pons  medulla.   Treat- 
ment of  rats  with  the  5-HT  precursor,  5-hydroxytryptophan  (5-HTP)  along  with 
the  decarboxylase  inhibitor,  RO4-4602,  caused  increments  in  5-HT  content  with 
concurrent  decreases  in  dorsal  raphe  SPLI.   When  cocaine  and  5-HTP  were 
administered  simultaneously  the  changes  in  serotonin  and  SPLI  were  attenuated 
suggesting  that  each  drug  antagonized  the  effect  of  the  other.   These  data 
support  a  specific  interdependence  of  substance  P  and  5-HT  in  the  dorsal 
raphe  nucleus. 

Proposed  Course  of  Project:   Current  literature  indicates  that  there  is  a 
close  relationship  between  dopamine,  adenylate  cyclase  and  membrane-bound 
form  of  calmodulin.   Our  preliminary  studies  on  the  effects  of  cocaine  on 
[  H]-spiroperidol  binding  activity  show  that  the  apparent  b    of  [  H]- 
spiroperidol  binding  in  membrane  fraction  of  striatal  homogenate  is  increased 
20  min  after  injection  of  cocaine  (20-30  mg/kg)  with  a  little  or  no  change  in 
the  affinity  of  the  labelled  ligand  to  the  recognition  site.   Also,  under 
similar  conditions  or  cocaine  treatment,  a  significant  increase  in  calmodulin 
content  of  crude  synaptic  membrane  fraction  was  observed  with  no  change  in 
soluble  calmodulin  pool  (cytosol) .   Hence,  at  this  state,  it  will  be  important 
to  establish  whether  the  increment  in  membrane-bound  calmodulin  elicited  by 
cocaine  can  be  associated  with  the  activation  or  to  supersensitivity  of 
striatal  adenylate  cyclase  to  dopamine. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  specific  phosphorylated  proteins  found  in  neuronal  membranes  have  been 
implicated  as  physiological  effectors  for  the  diverse  actions  of  the  second 
messenger  candiates,  cyclic  AMP  and  calcium.   It  has  been  shown  that  calcium- 
dependent  phosphorylation  of  neuronal  membranes  require  the  heat  stable  calcium- 
binding  protein,  calmodulin.   Since  the  calmodulin- regulated  protein  phosphory- 
lation of  synaptic  vesicle  proteins  has  been  linked  to  release  of  neurotrans- 
mitter from  isolated  vesicles,  this  phosphorylation  system  may  play  an  important 
role  in  synaptic  function.   Other  factors  may  be  present  in  the  cytosol  compart- 
ment that  are  important  in  determining  the  steady  or  dynamic  phosphorylation 
states  of  specific  synaptic  membrane  proteins.   We  present  evidence  for  the 
existence  of  a  heat-stable  factor  in  synaptosomal  cytosol  that  stimulates 
phosphorylation  of  a  specific  synaptic  membrane  protein  in  a  calcium-  and 
calmodulin- independent  fashion. 
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Objectives;  Synaptic  function  may  be  affected  by  the  phosphorylation  state 
of  specific  proteins  found  in  the  synaptic  membranes.   Therefore,  it  is 
important  to  study  the  factors  that  regulate  protein  kinase  activity.   We 
are  studying  factors  found  in  synaptosomal  cytosol  to  determine  their  effect 
on  the  activity  of  membrane-bound  protein  kinases  in  an  attempt  to  determine 
the  factors  involved  in  functional  regulation  of  membrane  phosphorylation. 

Methods :   Synaptosomes  were  isolated  from  a  crude  P   fraction  of  rat  whole 
brain  by  flotation  on  a  discontinuous  ficoll  gradient.   A  synaptosomal  lysate 
was  prepared  by  exposure  of  the  synaptosomal  fraction  to  hypotonic  conditions 
at  basic  pH.   The  synaptosomal  membranes  were  obtained  from  the  lysate  by 
centrifugation  and  were  used  to  prepare  a  synaptic  plasma  membrane  fraction  by 
discontinuous  sucrose  gradient  centrifugation.   The  synaptosomal  cytosol  was 
heated,  centrifuged  and  the  supernatant  used  as  a  source  of  calmodulin. 

The  phosphorylation  of  the  synaptic  plasma  membrane  fraction  was  assayed 
at  aO^C  in  a  mixture  (200  yl  final  volume)  containing  50  mM  HEPES,  pH  7.0, 
10  mM  MgCl^,  1.0  mM  DTT,  5  yM  [y   P]  ATP,  in  the  absence  or  presence  of  300  yM 
CaCl„.   The  reaction  was  initiated  with  the  addition  of  membrane.   After  15 
seconds  the  reaction  was  terminated  and  membrane  proteins  were  solubilized  by 
the  addition  of  100  yl  of  an  electrophoresis  sample  buffer. 

Synaptic  membranes  were  then  resolved  on  SDS  polyacrylamide  slab  gels. 
The  phosphorylation  of  specific  synaptic  proteins  was  determined  by  auto- 
radiography. 

Majqr  Findings ;   When  synaptic  membranes  were  incubated  in  the  presence  of 
y        P  ATP,  several  proteins  were  phosphorylated.   Cyclic  AMP,  in  the  presence 
or  absence  of  calcium  stimulated  the  phosphorylation  of  two  proteins.   The 
addition  of  heated  synaptosomal  cytosol  results  in  a  markedly  enhanced  phos- 
phorylation of  several  proteins.   Calcium  was  required  for  the  effects  of 
heated  cytosol  on  the  phosphorylation  of  all  proteins  with  the  exception  of 
a  protein  with  an  apparent  molecular  weight  of  85,000  (85  K  band).   That  the 
incorporation  of  phosphate  into  the  85  K  band  was  independent  of  calcium  was 
confirmed  by  addition  of  EGTA. 

The  pattern  of  the  calcium-calmodulin- regulated  phosphorylation  duplicated 
the  pattern  seen  in  the  presence  of  heated  cytosol  with  the  exception  that  the 
phosphorylation  of  the  85  K  band  was  only  marginally  enhanced. 

In  the  presence  of  f luphenazine,  calmodulin  did  not  affect  the  incorpora- 
tion of  phosphate  into  any  protein,  with  or  without  the  addition  of  calcium  to 
the  assay  mixture.   However,  in  the  presence  of  f luphenazine,  the  addition  of 
heated  cytosol  restored  the  phosphorylation  of  the  85  K  band  in  a  calcium- 
independent  manner. 

When  calmodulin  is  removed  from  heated  cytosol,  by  means  of  affinity 
chromatography,  the  remaining  effluent  stimulated  the  phosphorylation  of  the 
85  K  band  in  a  calcium- independent  manner,  whereas  the  incorporation  of 
phosphate  into  most  other  proteins  remained  unchanged. 
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The  results  presented  in  this  report  demonstrate  the  existence  of  a  heat- 
stable  factor  in  synaptosomal  cytosol  that  stimulates  the  incorporation  of 
phosphate  into  a  specific  synaptic  membrane  protein.   The  effects  of  this 
factor  on  phosphorylation  do  not  require  calcium  and  can  be  distinguished  from 
the  calmodulin-  and  cyclic  AMP-regulated  systems.  I 

Significance  to  Biomedical  Research  and  Institute  Programs:   Phosphorylation 
of  specific  proteins  found  in  neuronal  membranes  may  be  involved  in  modulating 
synaptic  function.   Phosphorylated  proteins  have  been  implicated  as  physiological 
effectors  for  the  diverse  actions  of  a  variety  of  intracellular  agents.   There- 
fore, studying  the  regulation  of  protein  phosphorylation  may  result  in  a 
greater  understanding  of  the  mechanisms  involved  in  the  regulation  of  synaptic 
function. 

Proposed  Course  of  Project:   Further  work  will  be  done  to  purify  and 
characterize  this  calcium-calmodulin  and  c-AMP  independent  factor  which 
stimulates  protein  phosphorylation.   Some  of  the  methods  which  will  be  employed 
include  fractionation  on  DEAE  columns,  molecular  seive  chromatography  and 
sucrose  density  gradients. 

There  has  been  some  indication  that  a  heat  stable  inhibitory  factor  also 
exists.   Therefore,  we  will  attempt  to  determine  the  presence  of  an  inhibitory 
factor  in  heated  cytosol  and  also  determine  its  role  in  the  regulation  of 
protein  phosphorylation. 

Publications : 

1.   O'Callaghan,  J. P.,  Juskevich,  J.,  and  Lovenberg,  W. :   Stimulation 
of  synaptic  membrane  phosphorylation  by  a  calcium  and  calmodulin 
independent  heat  stable  cytosol  factor.   Biochem.  Biophys.  Res. 
Comm.  95:  82-89,  1980. 


dSB 


SMITHSONIAN  SC 
PROJECT  NUMBER 


ENCE  INFORMATION  EXCHANGE 
(Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  HL  03515-01  HE 


PERIOD  COVERED 

October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Analysis  of  Fluctuations  in  Rat  Pineal  Tyrosine  Hydroxylase 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:      Leonard  Miller 

OTHER:    Sikta  Pradhan 
Mary  Mikus 
Walter  Lovenberg 


Guest  Worker  HE  NHLBI 

Research  Associate  HE  NHLBI 

Summer  Worker  HE  NHLBI 

Chief,  Sect.  Biochem.  Pharmacol.      HE  NHLBI 


COOPERATING  UNITS  (if  any) 


None 


lab/branch 

Hyper tension- Endocrine 


SECTION 

Biochemical  Pharmacology 


INSTITUTE  AND  LOCATION 

NHLBI,  NIH,  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 

0.6 


PROFESSIONAL: 

0.6 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   n  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


S(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  was  to  make  a  comparative  analysis  of  tyrosine 
hydroxylase  in  rat  pineals  from  light-adapted  and  dark-adapted  rats.   In  this 
gland  both  the  rate  of  utilization  and  concentration  of  N.E.  increased  when 
animals  are  in  the  dark  phase  of  a  24  hr  light/dark  cycle.   Thus,  a  comparative 
analysis  would  reveal  alterations  in  tyrosine  hydroxylase  activity  which  could 
possibly  account  for  the  observed  increase  in  neurotransmitter  synthesis.   Using 
subsaturating  cofactor  concentrations  T.H.  activity  in  dark-adpated  rats  was 
60%  >  in  appropriate  light  control  animals.   Further  kinetic  analysis  showed 
that  the  K  of  cofactor  using  tissue  from  dark- adapted  animals  was  0.8  ±  0.1  mM 
which  was  significantly  lower  than  a  K  value  of  1.4  ±  0.2  mM  for  light-adapted 
animals.   Thus,  the  rate  of  norepinephrine  synthesis  in  vivo  could  increase  due 
to  an  alteration  in  the  enzyme  molecule. 
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I 
Objectives:   To  analyze  how  a  system  would  respond  within  the  limits  of  an 
endogenously  controlled  system  to  a  normal  physiological  stimulus. 

Methods:   Male  Sprague  Dawley  rats  were  kept  on  a  reversed  lighting  schedule      a 
lights  on  6  p.m.  -  6  a.m.   Rats  were  sacrificed  by  decapitation  and  pineals  re-   I 
moved  and  homogenized  in  phosphate  buffer  containing  tritox-100.   Tyrosine 
hydroxylase  activity  was  determined  by  measuring  the  amount  of  tritiated  water 
formed  during  the  conversion  of  tritiated  tyrosine  to  DOPA. 

Findings:   All  detectable  tyrosine  hydroxylase  activity  in  the  pineal  appears 
associated  with  synaptic  contacts.   An  analysis  of  T.H.  at  subsaturating  cofactor 
concentrations  in  dark-adapted  rats  revealed  activity  which  was  60%  higher 
than  in  appropriate  light-control  animals.   Further  kinetic  analysis  showed 
that  the  K  of  cofactor  for  the  dark-adapted  animals  was  0.8  ±0.1  which 
was  significantly  lower  than  a  K  of  1.4  ±  0.2  for  the  light-adapted  animals. 

Significance  to  Biomedical  Research  and  Institute  Programs:   The  changes 
recorded  in  this  study  were  within  the  limits  of  an  endogenously  controlled 
and  fluctuating  system.   Therefore,  the  results  give  us  an  indication  not 
only  as  to  how  the  system  will  respond  endogenously  to  meet  the  needs 
for  increased  transmitter  synthesis,  but  also  the  degree  to  which  the  system 
will  change.   Most  important  is  that  the  recorded  events  were  initiated  totally 
by  a  normal  physiological  stimulus. 

Proposed  Course  of  Project:   Study  has  been  completed. 


Publications: 

1.  Miller,  L.P.,  Stier,  M. ,  and  Lovenberg,  W. :   Evidence  of  presence 
of  N-acetyltransf erase  in  rat  retinal  tissue.   Comp.  Biochem. 

and  Physiol.  (In  press) . 

2.  Miller,  L.P.  and  Lovenberg,  W. :   A  comparative  analysis  of  the  effect 
of  actinomycin-D,  a-amanitin  and  cordycepin  on  new  RNA  synthesis  and 
N-acetyltransf erase  induction  by  isoproterenol  in  cultured  rat  pineals. 
Comp.  Biochem.  and  Physiol.  (In  press) . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Substance  P  is  a  neuropeptide  which  serves  as  a  neurotransmitter.   Little 
is  known  of  its  synthesis  or  metabolism  or  the  physiologic  role  that  its 
neurons  serve.   We  have  found  this  neurotransmitter  to  be  involved  in  the 
modulation  of  the  dopaminergic  system.   Other  studies  in  our  laboratory 
have  shown  that  it  is  apparently  metabolized  by  an  enzyme  similar  to  the 
angiotensin  converting  enzyme.   Preliminary  studies  have  also  shown  it  to 
be  present  in  adrenal  chromaffin  granules.   A  system  has  been  established 
to  measure  its  rate  of  synthesis  following  intraventricular  injection  of 
radioactive  amino  acids. 
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Objectives:   Substance  P  (SP)  appears  to  be  a  transmitter  of  major  importance 
in  mammalian  brain.   It  has  been  postulated  to  serve  as  a  role  in  pain 
recognition,  cardiovascular  control  (baroref lex) ,  and  as  a  modulator  of  the 
nigral-striatal  dopaminergic  system.   The  current  study  encompasses  several 
aspects  of  SP  function. 

(1)  Mechanisms  underlying  its  specific  biosynthesis  will  be  investigated. 
These  will  include  characterization  of  the  precursor  protein  and  a  study  of 
amino  acid  incorporation  into  SP.   Attempts  will  be  made  to  examine  amino 

acid  incorporation  J^  vivo  and  in  primary  cultures  of  brain  cells. 

(2)  Because  of  the  potential  role  of  substance  P  in  cardiovascular 
control,  systems  for  measuring  SP  in  human  sera  will  be  devised  and  levels 
will  be  measured  in  hypertensive  and  normal  subjects.   Studies  on  distribution 
and  content  will  also  be  done  on  genetically  hypertensive  rats. 

(3)  The  SP  content  and  subcellular  distribution  in  the  adrenal  medulla 
will  be  determined.   The  potential  role  of  this  organ  as  a  source  of  circulat- 
ing SP  will  be  determined. 

(4)  A  new  radioimmunoassay  will  be  established  and  antibodies  v;ill  be 
raised  in  rabbits  following  injection  of  a  SP~protein  conjugate. 

Methods;   Substance  P  is  measured  by  a  standard  radioimmunoassay  with  Try-8- 
SP  labelled  with  iodine  as  the  standard.   The  antibodies  for  this  assay  were 
donated  by  Dr.  William  Campbell.   New  Antibodies  have  been  generated  in 
rabbits  following  repeated  injections  of  a  SP-bovine  serum  albunum  conjugate. 
Short-term  tissue  culture  will  be  carried  out  with  brain  cells  from  various 
areas,  e.g.,  substansia  nigra,  cordate,  hypothalamus,  cerebellum  and  both 
short-  and  long-term  primary  tissue  culture  of  mid  brain  and  hypothalamus  of 
embryonic  brain  at  different  stages  of  gestation.   Amino  acid  incorporation 
into  SP  will  be  measured  by  an  immunochemical  method.   In  addition  to 
immunoprecipitation,  newly  synthesized  SP  will  be  identified  by  HPLC  and 
electrophoresis.   Synthesis  in  vivo  will  be  examined  following  parenteral  or 
intraventricular  administration  of  radioactive  amino  acids.   Ribosomes  will 
be  isolated  from  brain  regions  rich  in  SP  and  attempt  to  release  a  SP 
precursor  will  be  made. 

Major  Findings:   This  project  has  been  recently  initiated.   A  strong  titer 
of  antibodies  directed  against  SP  has  been  generated  in  2  of  5  rabbits 
injected  with  the  SP  conjugate  .   With  tracer  amounts  of  1-125  labelled  SP 
a  1  to  10,000  dilution  of  the  serum  binds  40-50  SO  of  the  SP. 

With  an  established  RIA  the  SP  content  of  adrenal  medullary  cells  in 
culture  was  examined.   These  cells  contained  moderate  amounts  (120  pg/mg 
protein)  of  SP  which  in  part  is  localized  in  the  chromaffin  vesicles. 
Additional  studies  on  content  and  distribution  of  SP  in  adrenal  tissue  are 
currently  in  progress.   In  tlie  course  of  this  study  we  also  observed  that 
adrenal  cortex  contains  significant  amounts  of  SP(200  pg/mg  protein).   Its 
role  in  this  tissue  is  unknown. 
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Preliminary  studies  with  administration  of  radioactive  amino  acids  suggest 
that  it  will  be  possible  to  study  the  synthesis  of  SP  in  rat  brain. 

Significance  to  Biomedical  Research  and  Institute  Programs:  Substance  P  appears 
to  be  a  major  neurotransmitter  that  participates  in  many  physiologic  control 
systems  in  the  CNS.   Among  these  may  be  the  baroreflex.   An  understanding  of 
the  synthesis  and  role  of  SP  is  essential  for  furthering  our  knowledge  on 
cardiovascular  control. 

Proposed  Course  of  Project:   The  immediate  objectives  arc  to  establish  reliable 
systems  for  measuring  synthetic  rates  of  SP.   Future  studies  will  include 
characterization  of  the  SP  precursor  and  a  definition  of  its  physiologic  roles. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  strain  differences  of  heart  and  aorta  weight  in  fifteen  strains  of  rats 
were  investigated  for  characterizing  the  cardiac  hypertrophy  from  the  genetic 
aspect.   A  significant  strain  difference  in  the  heart  weight  was  observed  at  ten 
weeks  of  age,  and  the  degree  of  genetic  determination  was  67.0  ±  5.8%.   The  dis- 
tribution of  heart  weight  was  divided  into  hypertensive  and  normoteiasive  groups. 
In  the  hypertensive  group,  the  heart  weight  increased  in  proportion  to  the  blood 
pressure  levels.   On  the  other  hand,  there  was  no  relationship  between  heart 
weight  and  blood  pressure  level  in  the  normotensive  group  in  spite  of  large  straii; 
difference  of  heart  weight.   These  data  indicated  that  the  cardiac  hypertrophy  in 
rat  is  regulated  by  genetic  factors  in  addition  to  blood  pressure.   A  similar 
result  was  obtained  with  the  aortic  weight.   However,  the  effect  of  genetic 
factors  was  less  important  for  aorta  weight  than  for  heart  weight. 
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Objectives:   Cardiac  hypertrophy  is  often  associated  with  sustained  hyper- 
tension in  man.   It  is  generally  assumed  that  the  increased  work,  load  on  the 
heart  in  these  patients  is  the  primary  causative  factor.   With  the  availability 
at  the  NIH  of  a  large  number  of  inbred  rat  strains  that  exhibit  a  broad  spectrum 
of  basal  blood  pressure  values,  it  appeared  feasible  to  analyze  the  relation 
between  heart  size  and  blood  pressure  as  well  as  other  factors.   We,  therfore, 
undertook  a  detailed  analysis  of  blood  pressure,  weight  of  heart,  aorta  and 
total  body,  as  well  as  other  parameters  of  cardiac  hypertrophy  in  15  strains 
of  imbred  rats  including  the  spontaneously  hypertensive  rats. 

Methods:   Animals  were  obtained  from  the  NIH  small  animal  production  unit. 
After  arrival  in  the  laboratory  they  were  maintained  under  standard  conditions 
and  their  blood  pressures  were  measured  repeatedly  over  the  course  of  2  weeks 
by  tail  cuff  plethesomography.   At  ten  weeks  of  age  the  animals  body  weight 
blood  pressure  and  heart  rate  were  recorded  and  the  animals  sacrificed.   The 
heart  and  aorta  were  removed  by  a  standard  dissection  technique  and  were 
weighed.   The  external  and  internal  diameter  of  the  heart  and  the  ventricle 
wall  thickness  was  measured. 

Major  Findings:   As  has  been  reported  previously  these  15  strains  of  imbred 
rats  show  a  large  range  of  resting  systolic  blood  pressures  at  this  age.   The 
lowest  value  being  118  ±  1  mm  Hg  for  the  MNR/N  strain  and  the  highest  being 
187  ±  2  for  the  stroke-prone  spontaneously  hypertensive  rats  (SHR-SP/N) .   Of 
interest  is  the  confirmation  that  the  Osborn-Mendel  (OM/N)  strain  is  apparently 
slightly  hypertensive  (154  ±  1  mm  Hg) .   Significant  differences  in  the  growth 
of  the  strains  were  also  observed. 

The  total  heart  weights  range  from  558  ±  12  mg  in  Wistar  Kyoto  WKY/N  to 
872  ±  10  in  the  SHR.   It  is  of  interest  that  the  strain  exhibiting  the  highest 
pressure,  the  SHR-SP  has  a  heart  weight  of  this  age  of  only  709  ±  23  mg.   How- 
ever when  the  smaller  body  size  of  this  strain  is  accounted  for,  the  relative 
heart  size  in  the  SHR-SP  was  the  largest  of  any  strain.   The  correlation  bet- 
ween cardiac  size  and  blood  pressure  is  not  striking.   The  same  is  true  for 
aorta  weight.   Analysis  of  cardiac  dimensions  shows  a  positive  correlation 
between  heart  weight  and  external  diameter  and  ventricle  wall  thickness. 
There  is  a  negative  correlation  between  heart  weight  and  internal  diameter. 
The  data  accumulated  is  sufficient  for  a  variance  analysis  which  indicated 
genetic  factors  other  than  the  stress  of  hypertension  accounted  for  about 
67%  of  the  determinants  for  heart  size. 

Significance  to  Biomedical  Research  and  Institute  Programs:   Cardiac  hyper- 
trophy is  a  serious  clinical  problem  associated  in  part  with  sustained  hyper- 
tension.  The  current  study  provides  information  suggesting  that  factors  other 
than  blood  pressure  have  an  important  role  in  determining  heart  size.   The 
fact  that  genetic  factors  play  such  an  important  role  in  determining  heart  size 
may  have  an  impact  on  how  we  view  cardiac  hypertrophy. 

Proposed  Course  of  Project;   In  the  coming  year,  two  aspects  of  this  study  will 
be  pursued.   (1)   An  effort  will  be  made  to  distinguish  between  hypertrophy  and 
hyperplasia  in  the  heart  of  the  various  imbred  strains,  and  (2)  We  will  attempt 
to  determine  the  genetics  of  heart  size  by  preparing  crosses  of  some  of  the 
imbred  strains  and  doing  the  same  physical  analysis  as  reported  above. 
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Our  continuing  goal  is  to  analyze  the  function  of  the  kidney 
as  a  basis  for  understanding  its  pathophysiology  and  treating  its 
disorders.   Since  the  formation  of  urine  depends  upon  the  trans- 
port of  water  and  solutes  by  kidney  tubules,  understanding  of 
renal  function  requires  analysis  of  these  cellular  processes  and 
of  their  integration  in  the  kidney.   Therefore,  we  are  studying 
transport  by  cells  in  general  and  kidney  cells  in  particular,  as 
well  as  the  mechanisms,  hormonal  and  other,  that  control  trans- 
port. 

Isolated  segments  of  renal  tubules 

In  order  to  understand  kidneys  on  a  cellular  and  molecular 
level  the  functions  of  the  different  types  of  epithelial  cells 
must  be  identified.   Progress  in  this  direction  has  relied 
heavily  on  the  direct  study  of  individual  nephron  segments.   Each 
nephron  segment  has  a  different  cell  morphology  and  function.   An 
important  method  (which  originated  in  this  laboratory)  for 
directly  studying  the  nephron  segments  is  to  dissect  them  and 
perfuse  them  individually  in  vitro.   The  findings,  during  the 
past  year,  using  this  method  are  as  follows: 

1.    Sodium  and  potassium-activated  ATPase  (Na-K-ATPase) 
In  isolated  segments  of  rabbit  renal  tubules 

Na-K-ATPase  is  the  active  transporter  for  sodium.   Garg  and 
Burg  have  developed  a  sensitive  and  reliable  method  for  measuring 
Na-K-APTase  in  isolated  nephron  segments,  based  on  the  method 
previously  described  in  this  laboratory  by  Czaczkes  et  al .  (1979). 
Using  the  modified  method,  they  found  that  the  enzyme  level  was 
highest  in  proximal  convoluted  tubules,  distal  convoluted  tubules, 
medullary  thick  ascending  limbs,  and  distal  convoluted  tubules. 
It  was  lower  in  proximal  straight  tubules,  cortical  thick  ascend- 
ing limbs  and  collecting  ducts,  and  no  activity  was  found  in  thin 
descending  and  ascending  limbs  of  Henle's  loop.   The  level  of  Na- 
K-ATPase  in  the  different  nephron  segments  correlated  (r=.94) 
with  the  previously  measured  rates  of  sodium  transport  in  the 
segments.   Treatment  of  rabbits  with  deoxycorticosterone  acetate 
(DOCA)  caused  Na-K-ATPase  activity  in  cortical  collecting  ducts 
to  increase  about  6-fold  without  comparable  changes  in  the  other 
segments.   Low  salt  diet  had  a  similar,  but  smaller  effect. 
Thus,  the  increase  in  sodium  transport  previously  demonstrated  in 
the  cortical  collecting  duct  following  chronic  mineralocorticoid 
stimulation,  involves  an  increase  in  the  Na-K-ATPase  and,  there- 
fore, in  the  number  of  active  sodium  transport  sites  in  that 
segment. 
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2     Control  of  sodium  transport  by  renal  tubules 

Knepper  and  Burg  have  continued  to  investigate  the  sites  and 
mechanisms  of  control  of  sodium  transport  by  the  nephron. 
Previously,  they  showed  that  chronic  administration  of  pharma- 
cologic doses  of  DOCA  to  rabbits  in  vivo  resulted  in  increased 
fluid  absorption  and  cell  height  in  proximal  straight  tubules 
studied  in  vitro.   Now  they  have  tested  whether  endogenous 
mineralocorticoids  have  a  similar  direct  physiologic  effect. 
Rabbits  were  given  a  low  sodium  diet  to  increase  circulating 
levels  of  endogenous  aldosterone.   Proximal  straight  tubules  did 
not  differ  from  untreated  controls  in  the  rate  of  fluid  absorp- 
tion or  cell  height.   These  experiments,  therefore,  provide  no 
evidence  that  mineralocorticoids  exert  an  important  physiological 
influence  on  proximal  sodium  and  water  absorption.   Further, 
although  DOCA  alone  caused  fluid  absorption  and  cell  height  to 
increase,  this  did  not  occur  when  the  DOCA  was  administered 
during  sodium  restriction.   Therefore  the  increases  in  fluid 
absorption  and  cell  dimensions  following  DOCA  administration  most 
likely  result  secondarily  from  changes  in  extracellular  fluid 
volume,  glomerular  filtration  rate,  or  potassium  balance. 

Although  distal  convoluted  tubules  and  connecting  tubules 
have  high  levels  of  Na-K-ATPase  and  presumably  transport  relatively 
large  amounts  of  sodium,  there  have  been  no  direct  studies  of 
their  sodium  transport  in  vitro.   The  reason  is  that  these  seg- 
ments are  short  and  difficult  to  isolate.   Almeida  and  Burg  have 
initiated  study  of  the  segments.   They  are  beginning  by  measuring 
transepithelial  voltage  and  resistance  which  are  electrophysio- 
logical correlates  of  sodium  transport. 

3.    Acidification  and  bicarbonate  transport  transport  by  rabbit 
cortical  collecting  ducts. 

Final  adjustments  in  the  urine  pH  are  dependent  on  the 
transport  of  bicarbonate  and  hydrogen  ion  in  the  distal  nephron 
segments.   Our  previous  work  on  one  of  these  segments,  the  corti- 
cal collecting  duct,  showed  that  in  vitro  it  either  secreted  or 
absorbed  bicarbonate  depending  on  the  previous  acid-base  status 
of  the  animals  from  which  the  tubules  were  obtained.   Boyer  and 
Burg  have  further  examined  the  bicarbonate  secretory  process. 
They  found  that,  when  they  replaced  chloride  in  the  tubule  fluid 
by  sulfate,  bicarbonate  secretion  was  inhibited  without  any 
effect  on  bicarbonate  absorption.   Therefore,  absorption  and 
secretion  are  separate  processes,  subject  to  separate  controls. 
It  has  long  been  known  that  intravenous  infusion  of  sulfate 
results  in  replacement  of  chloride  by  sulfate  in  the  urine  and 
greatly  augments  urinary  acidity.   The  interpretation  of  this 
result  had  been  that  sulfate  affects  sodium  absorption  in  the 
distal  tubule  and  that  the  alteration  in  sodium  transport  somehow 
increased  hydrogen  ion  secretion.    This  interpretation  has  been 
a  principal  basis  for  the  current  theory  that  sodium  transport  is 
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linked  to  and  controls  acidification  in  the  distal  tubule.   There 
was  no  direct  evidence  for  the  theory,  however,  and  it  must  now 
be  reconsidered  since  the  inhibition  of  bicarbonate  secretion  by 
sulfate  observed  in  the  present  experiments  provides  an  alternate 
explanation  for  the  findings  which  does  not  involve  sodium  trans- 
port. 

Atkins  and  Burg  have  developed  a  microelectrode  suitable  for 
measuring  pH  in  small  aipounts  of  collected  tubule  fluid.   They 
are  using  this  device  to  examine  the  mechanism  of  acidification 
in  proximal  straight  tubules  and  cortical  collecting  ducts. 

Cell  culture  of  kidney  and  other  urinary  epithelia 

Although  the  technique  of  perfusing  kidney  tubules  in  vitro 
has  provided  an  overall  description  of  their  transport  proper- 
ties, it  has  been  difficult  to  extend  the  studies  to  subcellular 
and  molecular  levels.   Chemical  and  physical  methods  for  studying 
transport  require  much  larger  amounts  of  homogeneous  tissue  than 
are  present  in  single  tubules.   Dr.  Handler  and  his  colleagues 
have  been  using  culture  of  epithelial  cells  to  overcome  this 
difficulty. 

Steele  has  developed  a  technique  for  culturing  cells  on  thin 
collagen  membranes.   The  advantages  of  his  new  method  are  that  it 
not  only  permits  direct  visualization  of  the  cells,  but  also  non- 
destructive measurement  of  transepithelial  electric  potential, 
resistance,  and  short-circuit  current.   Burg,  Green,  Handler,  and 
Steele  have  applied  this  technique  to  primary  culture  of  rabbit 
nephron  segments.   Cells  derived  from  thick  ascending  limbs 
produced  an  epithelium  with  electric  potential  oriented  apical 
surface  positive,  as  in  the  native  tissue.   The  investigators  are 
attempting  to  establish  a  line  derived  from  these  cells  and 
further  define  its  characteristics,  as  well  as  to  apply  the 
technique  to  other  nephron  segments  and  animal  species. 

Watlington  and  Handler  have  been  characterizing  nuclear 
aldosterone  receptors  in  A6  cells,  an  established  cell  line 
derived  from  toad  kidney.   They  measured  number  of  binding 
sites,  affinities  and  kinetics  of  competition  by  other  steroids. 
One-of  the  classes  of  aldosterone  receptors  had  an  apparent  Kj.^  of 
10   M  corresponding  to  the  level  of  aldosterone  that  stimulates 
short-circuit  current  in  these  cells.   Preston  and  Handler  found 
that  incubation  of  A6  cells  with  aldosterone  increased  specific 
binding  of   H-ouabain,  evidence  that  aldosterone  increased  the 
number  of  active  sodium  transport  sites.   This  effect  was  blocked 
by  amiloride,  a  drug  that  inhibits  the  initial  step  in  sodium 
transport,  namely  sodium  entry  into  the  epithelial  cells.   There- 
fore, the  increase  in  the  number  of  sodium  transporters  probably 
is  not  a  direct  effect  of  the  hormone.   Instead,  aldosterone 
increases  sodium  entry  into  the  cells  by  an  amiloride-sensitive 
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mechanism,  and  it  is  the  additional  supply  of  sodium  to  the 
transport  sites  that  causes  their  proliferation.   Aldosterone 
also  increases  certain  cellular  proteins  which  could  well  be 
components  of  the  sodium  transporter  (see  last  years  annual 
report) .   If  so,  the  synthesis  of  the  new  proteins  should  be 
blocked  by  amiloride,  which  is  being  tested. 

Roy,  Preston,  and  Handler  studied  receptors  for  vasopressin 
in  LLCPK,   cells.   This  cell  line  (derived  from  pig  kidney)  grows 
in  a  totally  defined  medium.   When  serum  or  insulin  was  added  to 
the  growth  medium  the  number  of  receptors  for  vasopressin  in- 
creased without  a  change  in  their  affinity,  and  there  was  a 
parallel  increase  in  vasopressin-stimulation  of  adenylate  cyclase. 
It  had  been  dissappointing  that  some  line  of  cells,  such  as  those 
derived  from  toad  bladders  and  kidney,  had  many  of  the  character- 
istics of  vasopressin-stimulated  tissues,  but  did  not  respond  to 
the  hormone.   Steele  and  Handler  have  now  found  that  the  response 
of  the  cells  depends  on  the  nature  of  the  support  on  which  they 
are  grown.   The  investigators  noted  marked  changes  in  A6  cells 
grown  on  collagen  films.   Those  grown  on  the  films  developed 
active  cilia,  whereas  no  ciliary  activity  had  been  apparent  in 
cells  grown  on  solid  supports.   Most  interesting,  only  the  modi- 
fied cells  responded  to  vasopressin  by  increasing  their  cyclic 
AMP  and  the  transport  of  sodium.   Thus,  vasopressin  action  can 
now  be  studied  in  the  cells,  and  the  reason  for  the  previous  lack 
of  vasopressin  action  can  be  analyzed. 

Dragsten  (NCI)  and  Handler  used  fluorescent  labels  to  study 
molecular  mobility  in  the  cell  membranes  of  the  epithelia  formed 
by  A6  cells.  They  found  that  intrinsic  membrane  glycoproteins  in 
both  the  apical  and  basolateral  plasma  membranes  were  iitimobile. 
After  the  epithelium  was  disrupted  by  chelation,  however,  the 
glycoproteins  moved  all  around  the  cells.   Presumably,  there  are 
some  cellular  substructures  that  immobilize  such  membrane  pro- 
teins only  while  the  cells  are  organized  in  an  epithelium,  but 
not  when  the  epithelium  is  converted  into  single  cells.   In 
contrast  to  glycoproteins,  the  lipids  diffused  readily  within  the 
plasma  membranes.   Certain  types  of  labelled  lipids  moved  readily 
from  the  apical  to  basolateral  side  of  the  cells  (or  vice  versa) 
past  the  tight  junction,  but  other  types  of  lipids  did  not.   The 
investigators  are  now  analyzing  what  distinguishes  the  lipids 
that  diffuse  past  the  tight  junctions  from  those  that  do  not. 

Turner  is  developing  methods  to  prepare  plasma  membrane 
vesicles  from  epithelial  cell  cultures.   In  order  to  monitor  the 
isolation  of  basal  or  apical  plasma  membranes,  the  membranes  are 
identified  by  their  characteristic  enzymes  and  other  markers.   To 
date  plasma  membrane  vesicles  have  been  successfully  prepared 
from  two  cell  lines,  A6  and  LLC-PKI.   The  uptake  of  sodium  by  the 
vesicles  from  A6  cells  was  sodium  concentration-dependent  and 
inhibited  by  amiloride.   The  uptake  of  glucose  by  the  vesicles 
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from  LLC-PK,  was  sodium-dependent  and  inhibited  by  phlorizin. 
Both  sets  or  experiments  demonstrate  the  feasibility  of  studying 
specific  transport  systems  from  the  cultured  cells  in  isolated 
membrane  vesicles.   Turner  plans  to  study  the  systems  already 
developed  in  more  detail  and  to  attempt  to  prepare  vesicles  from 
other  cell  lines.   Such  vesicles  will  provide  a  convenient  start- 
ing material  for  characterization,  isolation,  and  reconstitution 
of  the  transport  molecules. 

Transport  of  D-glucose  by  proximal  tubule  brush  border  membranes 

D-glucose  is  actively  reabsorbed  from  the  urine  in  the  renal 
proximal  tubule.   The  active  step  in  this  process  is  D-glucose 
co-transport  with  sodium  into  the  cells  across  the  lumen  brush 
border  membrane.   Turner  is  studying  this  process  in  membrane 
vesicles  since,  in  addition  to  its  obvious  physiological  signi- 
ficance, the  brush  border  membrane  D-glucose  transporter  is  a 
useful  model  system  for  studying  the  mechanism  of  co-transport 
processes  in  general. 

(1)  Phlorizin  binding  studies 

Phlorizin  is  a  potent  competitive  inhibitor  of  renal  D- 
glucose  reabsorption.   It  competes  with  glucose  for  binding  sites 
on  the  glucose  transporters,  but  is  not  itself  transported. 
Turner  and  Silverman  found  that  the  binding  of  phlorizin  and 
sodium  to  dog  renal  cortical  brush  border  membrane  vesicles 
occurred  via  a  random  rather  than  an  ordered  process  and  that  the 
stoichiometry  of  binding  is  one  sodium  ion  per  phlorizin  mole- 
cule.  Binding  constants  and  other  kinetic  binding  parameters  for 
the  interaction  of  phlorizin  with  its  receptor  were  determined. 
Since  the  binding  of  glucose  and  sodium  to  the  transporter  is  a 
random  process,  models  of  the  transporter  which  require  ordered 
binding  (e.g.  certain  types  of  pores)  are  incorrect. 

(2)  Heterogeneity  of  the  glucose  transporter 

Turner  and  Moran  found  that  proximal  tubule  brush  border 
membrane  vesicles  prepared  from  different  regions  of  the  kidney 
have  different  glucose  transport  properties.   Preparations  from 
the  outer  cortex  had  a  low  affinity  (K  %5mM)  for  glucose  while 
preparations  from  the  outer  medulla  had  a  higher  affinity 
(K  '\^0.5m]yi).   The  differences  correlate  well  with  the  known  dis- 
tribution and  characteristics  of  glucose  transport  along  the 
proximal  tubule.   The  earliest  part  of  the  proximal  tubule 
(predominant  in  the  outer  cortex)  transports  glucose  rapidly  but 
does  not  establish  large  glucose  concentration  differences.   The 
last  part  of  the  proximal  tubule  (predominant  in  the  outer 
medulla)  transports  less  glucose,  but  establishes  large  concen- 
tration differences,  virtually  eliminating  glucose  from  the 
urine.   Apparently  the  glucose  transporters  differ  between  those 
segments  correspondingly.   Differences  in  the  nature  of  the 
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sodium  dependence  and  in  the  specificity  for  glucose  analogs  were 
also  found.   More  detailed  investigations  of  glucose  transport 
kinetics,  phlorizin  binding  properties  and  sodium-glucose  stoi- 
chiometry  will  be  carried  out. 

(3)   Theoretical  models  of  coupled  transport  systems 

In  order  better  to  understand  possible  mechanisms  of  coupled 
transport  and  to  design  appropriate  experiments  to  distinguish 
between  them,  Turner  has  analyzed  the  theoretical  properties  of  a 
family  of  co-transport  models  of  the  carrier-type.   The  most 
general  model  allows  the  substrate  molecule  and  its  co-trans- 
ported cation  to  bind  in  a  random  fashion  at  either  membrane 
face.   Various  sub-models  include  ordered  binding  schemes  such  as 
the  case  where  substrate  binding  necessarily  preceeds  cation 
binding  and  pore-type  models  where  the  order  of  binding  is  re- 
versed at  the  two  membrane  faces.   It  can  be  shown  that  the 
various  transport  models  can  be  distinguished  from  one  another  on 
the  basis  of  a  series  of  relatively  simple  kinetic  measurements. 
Rejection  criteria  for  carrier-type  models  in  general  are  also 
being  derived. 

Necturus  gallbladder  epithelium 

The  cellular  aspects  of  epithelial  transport  can  be  studied 
directly  by  making  measurements  in  individual  cells  and  in  the 
spaces  between  them.   Since  mammalian  cells  generally  are  very 
small,  such  direct  studies  are  difficult  and  there  are  artifacts 
due  to  cell  damage.   Therefore,  Spring  has  been  using  the  very 
large  gallbladder  cells  of  Necturus  for  this  purpose. 

(1)  Lateral  intercellular  space  osmolality 

Coble  and  Spring  are  attempting  to  measure  the  osmolality  of 
the  fluid  in  the  lateral  intercellular  spaces,  since  this  is  a 
crucial  variable  in  fluid  transport  by  epithelial  tissues.   The 
spaces  are  very  small  and  the  fluid  within  them  cannot  reliably 
be  sampled  by  conventional  means  such  as  micropipets.   The  in- 
vestigators are,  therefore,  using  an  optical  method,  microscope 
inter ferometry,  to  measure  the  refractive  index  of  the  fluid  in 
the  spaces.   Refractive  index  and  osmolality  are  proportional  in 
salt  solutions,  and  the  method  theoretically  allows  measurements 
of  sodium  chloride  solution  osmolality  to  within  4  mOsm. 

(2)  Hydraulic  water  permeability  of  the  epithelial  cell 
membranes . 

Persson  and  Spring  have  measured  this  key  factor  in  epith- 
elial fluid  transport  by  a  new  method.   They  determined  cell 
volume  by  light  microscopy  before  and  after  rapid  alterations  of 
the  osmolality  of  the  bathing  solutions.   The  rate  of  cell  swell- 
ing or  shrinkage  was  used  to  calculate  the  water  permeability  of 
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the  cell  membranes.   The  water  permeability  of  both  the  apical 
and  basolateral  cell  membranes  is  very  high.   Given  such  a  high 
cellular  water  permeability,  fluid  most  likely  is  absorbed 
through  the  epithelial  cells  rather  than  between  them,  and  only 
very  small  osmotic  pressures  within  the  epithelium  are  required 
to  drive  the  process. 

(3)   Cell  volume  regulation 

Persson  and  Spring  observed  that  changes  in  cell  volume, 
caused  by  alterations  in  solution  osmolality,  were  in  time  com- 
pensated for  by  the  cells.   This  "volume  regulation"  also  occurs 
in  other  cells,  in  which  it  is  known  to  involve  the  gain  or  loss 
of  cell  solutes  in  response  to  the  initial  cell  volume  change. 
Fisher  and  Spring  are  now  measuring  intracellular  electrolytes  in 
Necturus  gallbladder  with  ion-specific  microelectrodes  to  find 
out  which  solutes  are  involved  in  volume  regulation  by  the 
tissue . 

Regulation  of  red  blood  cell  volume 

Kregenow  has  pioneered  studies  of  cell  volume  regulation, 
using  nucleated  avian  and  amphibian  erythrocytes  as  model  systems. 
Siebens  and  Kregenow  have  now  further  studied  the  mechanism  re- 
sponsible for  restoration  of  cell  volume  by  Amphiuma  red  cells 
shrunk  in  hypertonic  media.   They  observed  that  the  cells  swelled 
back  towards  their  normal  volume  by  taking  up  sodium  salts, 
followed  by  osmosis  of  water.   The  energy  for  the  process  comes 
from  the  transmembrane  concentration  difference  for  sodium  which 
normally  is  low  in  the  cells.   During  the  volume  regulation 
process,  sodium   entered  the  cells  by  a  special  transporter, 
which  was  inhibited  by  amiloride.   The  transporter  was  found  to 
be  a  sodium-proton  exchanger.   Therefore,  the  cells  would  tend  to 
become  alkaline  during  this  process,  except  that  the  erythrocyte 
anion  exchanger  compensates  by  facilitating  cellular  uptake  of 
chloride  in  exchange  for  bicarbonate  or  hydroxyl  which  are  ex- 
truded.  The  net  result  is  NaCl  uptake  by  the  cells.   When  the 
investigators  specifically  blocked  the  anion  exchanger  with  SITS, 
chloride  did  not  enter  the  cells  along  with  sodium  and  there  was 
an  increase  in  cell  pH  during  the  swelling. 
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Objectives 

The  primary  goal  of  this  investigation  is  elucidation  of  the 
mechanism  of  fluid  absorption  by  epithelia.   The  methods  employed 
represent  a  unique  blend  of  optical  and  electrical  techniques 
developed  specifically  for  this  investigation.   We  use  an  on- 
line, real  time  system  for  measuring  the  size  and  shape  of  the 
cells.   Based  on  changes  in  cell  volume  we  are  able  to  determine 
the  hydraulic  water  permeability  of  the  cell  membranes. 

Methods 

The  gallbladder  of  the  amphibian  Necturus  maculosus  is 
mounted  in  a  chamber  designed  to  allow  the  continuous  perfusion 
of  both  surfaces  of  the  tissue,  measurement  of  epithelial  elec- 
trical properties,  variation  in  transepithelial  hydrostatic 
pressure,  and  rapid  alteration  of  perfusate  composition.   The 
chamber  is  placed  on  the  stage  of  a  Leitz  inverted  microscope. 
Position  and  focus  of  the  microscope  are  monitored  by  observation 
of  the  preparation  during  measurements  with  the  aid  of  a  tele- 
vision camera.   The  video  images  are  stored  on  a  disc  recorder 
and  later  analyzed  by  tracing  cell  outlines.   Cell  size  and  shape 
are  determined  from  video  records  obtained  during  alteration  in 
perfusate  composition  or  other  experimental  manipulations. 

Major  Findings 

The  hydraulic  water  permeabilites  of  the  apical  and  baso- 
lateral  cell  membranes  have  been  determined  by  measurement  of 
the  rate  of  change  of  cell  volume  after  alteration  in  bathing 
solution  osmolality.   The  values  obtained  were:  1.1x10   cm/sec 
Osm  for  the  apical  cell  membrane  and  2.4x10  cm/sec  Osm  for  the 
basolateral  cell  membrane.   Such  high  water  permeabilities  are 
consistent  with  the  transcellular  flow  of  water  across  this 
epithelium.   Only  small  osmotic  gradients  (less  than  5mOsm)  are 
required  across  the  cell  membranes  to  produce  fluid  absorption  at 
the  rates  normally  observed  in  Ringer  solution.   Volume  regula- 
tion, the  return  of  cell  volume  towards  its  control  value,  was 
observed  under  all  conditions.   Ouabain  caused  cell  swelling 
which  could  be  blocked  by  removal  of  mucosal  NaCl. 

Proposed  Course 

Additional  experiments  to  determine  the  mechanism  of  cell 
volume  regulation  are  in  progress.   We  will  utilize  a  variety  of 
inhibitors  and  ion  substitutions  to  identify  the  mechanism  of 
cell  volume  regulation  as  well  as  to  quantitate  the  solute  flows 
involved  in  such  regulation. 
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Objectives 

The  continued  purpose  of  this  project  is  the  utilization  of 
epithelia  formed  in  culture  to  better  understand  transport  and 
its  control  in  naturally  occurring  epithelia.   The  need  for  this 
approach  and  its  possible  advantages  have  been  discussed  in 
previous  reports. 

Methods 

See  previous  reports  and  the  annual  report  of  R.  Steele, 
LTD,  NHLBI  and  the  annual  report  of  P.  Dragsten,  LTB,  NCI. 

Major  Findings 

There  is  continued  slow  progress  in  work  with  primary  cul- 
ture derived  from  rabbit  kidney.   In  order  to  study  the  transport 
properties  of  primary  cultures,  dissected  thick  ascending  limb 
segments  have  been  grown  directly  on  a  collagen  membrane  (see 
report  of  R.  Steele  for  methods) .   Although  success  has  not  been 
achieved  routinely,  several  preparations  have  grown  out  to  form  a 
confluent  epithelium  that  developed  a  transepithelial  electrical 
potential  difference  with  apical  surface  positive,  as  in  vivo. 
Conditions  for  culture  have  been  improved  to  the  point  that  sub- 
culturing  cells  grown  on  plastic  petri  dishes  is  now  more  success- 
ful. Similar  cultures  were  also  derived  from  amphibian  kidney. 

The  two  epithelial  cell  lines  derived  from  toad  urinary 
bladder  (see  last  year's  report) have  been  characterized  further 
In  addition  to  stimulating  sodium  transport,  cAMP  increases 
permeability  to  urea  (as  in  the  toad  urinary  bladder)  but  in 
contrast  to  its  effect  on  the  intact  toad  bladder,  cAMP  does  not 
increase  permeability  to  water  in  the  cultures.   The  relation 
between  aldosterone  concentration  and  short-circuit  current  of 
the  cultured  cells  is  like  that  of  the  intact  bladder.   The 
effect  of  thyroid  hormone  differs  between  the  two  lines.   In  one 
(TB-6c) ,  as  in  the  toad  urinary  bladder,  incubation  with  thyroid 
hormone  blocks  the  short-circuit  current  response  to  aldosterone. 
In  the  other  line  (TB-M)  thyroid  hormone  has  no  effect  on  the 
response  to  aldosterone. 

Continuous  lines  of  kidney-derived  epithelial  cells  have 
been  used  to  study  properties  of  the  plasma  membrane  of  epithelia. 
These  results  are  summarized  in  the  annual  report  of  P.  Dragsten, 
LTB,  NCI. 

We  have  obtained  a  strain  of  cells  (LLC-PK,  )  derived  from 
LLC-PK,  cells  (which  are  derived  from  porcine  kianey)  that  grow 
in  a  completely  defined,  serum-free  medium.   The  cells  form  a 
confluent  epithelium  with  domes,  an  indication  of  transepithelial 
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transport.   LLC-PK,   cells  have  vasopressin-sensitive  adenylate 
cyclase  activity,  out  only  about  5%  as  much  as  LLC-PK,  cells. 
Receptors  for  vasopressin,  assessed  by  the  specific  binding  of 
H-lysine  vasopressin,  are  increased  in  number  when  cells  are 
grown  in  the  defined  medium  to  which  serum  or  insulin  has  been 
added.   The  effects  of  serum  and  insulin  are  additive  and  re- 
versible.  There  is  an  increase  in  vasopressin-sensitive  adeny- 
late cyclase  that  parallels  the  increase  in  vasopressin  recep- 
tors.  Kinetic  analysis  indicates  that  the  increased  binding  is 
the  result  of  more  binding  sites  rather  than  a  change  in  affinity 
for  binding  vasopressin. 

Significance 

The  various  epithelial  properties  retained  by  cells  in 
culture  make  them  particularly  suitable  for  study  not  otherwise 
possible,  e.g.  -  microelectrode  impalement  and  measurement  of 
the  effect  of  prolonged  exposure  to  hormones  or  drugs.   The 
effect  of  insulin  on  receptors  for  vaospressin  is  the  first 
demonstration  of  that  relationship. 

Proposed  course 

Efforts  to  grow  primary  cultures  from  defined  segments  of 
the  nephron  will  be  continued  exploring  other  species  and  culture 
conditions.   Receptors  for  aldosterone  will  be  assessed  in  the 
cell  lines  derived  from  toad  urinary  bladder  in  order  to  see 
whether  thyroid  hormone  blocks  the  effect  of  aldosterone  at  the 
receptor  level.   The  transport  properties  of  LLC-PK,   cells  will 
be  defined  and  then,  since  the  cells  grow  in  a  defined  medium  the 
influence  of  hormones  and  related  factors  on  transport  will  be 
evaluated.   In  collaboration  with  Drs .  Spring  and  Fisher  of  LKEM, 
intracellular  ion  activities  will  be  measured  by  impaling  the 
epithelial  cells  with  appropriate  microelectrodes .   This  will 
facilitate  estimation  of  the  driving  forces  for  transport  and 
should  elucidate  the  mechanism  of  effect  of  hormones  on  trans- 
port . 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  is  designed  to  delineate  sites  and  mechanisms  of 
hormonal  control  of  renal  sodium  and  potassium  transport.   Pre- 
vious  studies  with  isolated  perfused  outer  cortical  proximal 
straight  tubules  from  rabbits  demonstrated  that  chronic  administra- 
tion  of  deoxycorticosterone  acetate  (DOCA)  increased  fluid  absorp- 
tion  and~cell  volume.   Further  experiments  to  determine  whether 
tEese  are  direct  effects  of  DOCA  revealed:  (a)  maintenance  on  a  low 
sodium  diet  did  not  increase  fluid  absorption  or  cell  volume.   b) 
DOCA  administration  to  rabbits  maintained  on  a  low  salt  diet  did  not 
increase  fluid  absorption  or  cell  volume.   We  conclude  from  this 
that  the  DOCA-induced  increases  in  fluid  absorption  and  cell  volume 
are  not  due  to  a  direct  mineralocorticoid  action,  but  to  indirect 
effects  realted  to  factors  such  as  increased  extracellular  fluid 
volume,  increased  glomerular  filtration  rate  or  potassium  depletion. 


EliHtFon  micrographs  of  perfused  tubules  from  DOCA-treated  and 
normal  rabbits  revealed  no  consistent  major  morphologic  differences. 
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Objective 

The  objective  of  this  project  is  to  determine  the  site  and 
mechanisms  of  hormonal  control  of  renal  sodium  and  potassium 
transport  using  primarily  the  in_  vitro  perfused  tubule  technique 
developed  in  this  laboratory. 

Methods 

Current  focus  is  on  in  vitro  tubule  perfusion  studies  in  two 
nephron  segments: 

1)  Proximal  straight  tubule .   Because  fluid  absorption  is 
isosmotic  in  this  segment,  measurement  of  fluid  absorption  serves 
as  an  indicator  of  net  sodium  absorption.   Intrinsic  rates  of 
fluid  absorption  are  determined  following  different  in  vivo 
treatments  of  the  rabbits. 

2)  Cortical  collecting  duct.   Electrolyte  transport  in 
this  segment  is  assessed  either  isotopically  or  by  helium  glow 
photometry.   The  in  vitro  effects  of  various  peptide  and  steroid 
hormones  on  electrolyte  transport  will  be  studied  with  the  goal 
of  determining  which  hormones  have  physiologic  actions  on  this 
segment  and  what  mechanisms  are  involved  in  these  actions. 

Major  Findings 

Rates  of  fluid  absorption  by  outer  cortical  proximal 
straight  tubules  from  rabbits  which  have  undergone  various  in 
vivo  treatments  are  as  follows: 

Number         Fluid  Absorption 
Treatment  of  tubules        (nl'mm   -min   ) 

Normal  17  0.60+0.06  (SE) 
Chronic  deoxycorti- 
costerone (DOC) 

administration  12  1.00+0.04* 

Low  sodium  diet  5  0.43±0.12 

Low  sodium  diet  &  DOC  6  0.64+0.08 


*p<0.01  vs.  normal 

Rates  of  fluid  absorption  in  outer  cortical  proximal  straight 
tubules  from  adrenalectomized  and  sham-operated  rabbits  were  not 
different  from  normal  control  values.   Because  neither  very  high 
circulating  levels  of  endogenous  aldosterone  (low  sodium  diet) 
nor  very  low  levels  (adrenalectomy)  were  associated  with  changes 
in  the  intrinsic  rate  of  fluid  absorption,  these  studies  do  not 
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provide  evidence  for  a  direct  mineralocorticoid  effect  on  sodium 
absorption  by  proximal  straight  tubules.   The  increase  in  fluid 
absorption  in  proximal  straight  tubules  from  DOC-treated  animals 
is  most  likely  an  indirect  effect  of  the  hormone  secondary  to 
changes  in  extracellular  fluid  volume,  potassium  balance,  or 
glomerular  filtration  rate. 

DOC  administration  also  resulted  in  an  increase  in  cell 
height  and  cell  volume  per  unit  length  in  the  perfused  proximal 
straight  tubule.   However,  there  were  no  changes  in  cellular 
dimensions  in  tubules  from  rabbits  treated  with  low  sodium  diet, 
low  sodium  diet  plus  DOC,  or  adrenalectomy.   Thus,  as  with  the 
DOC-induced  increase  in  transport,  the  increase  in  cell  size 
probably  does  not  represent  a  direct  mineralocorticoid  action  of 
DOC. 

Significance 

Although  much  has  been  learned  in  recent  years  about  mech- 
anisms of  renal  tubular  epithelial  transport  of  sodium  and 
potassium,  little  is  known  about  mechanisms  of  control  of  elec- 
trolyte transport  in  response  to  imposed  changes  in  electrolyte 
and  water  balance.   Aside  from  the  obvious  importance  to  basic 
renal  physiology,  knowledge  of  such  control  mechanisms  could  add 
measurably  to  the  understanding  of  the  pathophysiology  of  various 
human  disease  states  such  as  essential  hypertension. 

Proposed  Course 

Attention  is  switched  to  the  cortical  collecting  duct,  an 
important  site  of  control  of  sodium  and  potassium  secretion.   Be- 
cause there  are  many  important  uncertainties  about  the  mechanisms 
of  action  of  adrenal  steroid  hormones  and  peptide  hormones  on 
electrolyte  transport  in  the  collecting  duct,  experiments  will  be 
done  to  assess  the  effects  of  these  agents  on  electrolyte  trans- 
port when  added  to  the  tubule  in  vitro.   Depending  on  the  results 
of  these  studies,  further  experiments  will  be  carried  out  to 
determine  the  mechanisms  involved  in  intracellular  mediation  of 
the  hormonal  signal  and  in  alterations  in  transport. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  delineate  the  mechanism  and 
control  of  acidification  in  the  cortical  collecting  duct.   Bicar- 
bonate  transport  and  pH  are  measured  in  isolated  perfused  collecting 
ducts  dissected  from  rabbits.   The  role  of  various  other  ions  m 
modulating  bicarbonate  transport  is  being  tested. 
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Objective 

Recent  studies  from  our  laboratory  showed  that  bicarbonate 
transport  in  cortical  collecting  ducts  perfused  in  vitro  was 
affected  by  the  acid-base  status  of  the  animals  from  which  they 
were  dissected;  i.e.  tubules  from  acidotic  animals  absorbed 
bicarbonate  and  tubules  from  alkalotic  animals  secreted  bicar- 
bonate.  The  purpose  of  the  present  work  is  to  investigate 
factors  that  modulate  bicarbonate  absorption  and  secretion  and  pH 
in  the  cortical  collecting  duct. 

It  has  been  suggested,  based  on  indirect  evidence,  that  the 
salt  retaining  ability  of  an  animal,  and  the  type  and  concentra- 
tion of  anion  in  tubular  fluid  affect  acid-base  excretion.   We 
began  by  looking  at  these  possible  modulators  of  collecting  duct 
bicarbonate  transport. 

Methods 

Cortical  collecting  ducts  are  dissected  and  perfused  as 
previously  described.   Bicarbonate  is  measured  by  the  technique 
of  microcalorimetry  developed  in  this  laboratory.   A  micro  pH 
electrode,  also  developed  in  this  laboratory,  is  used  for  measur- 
ing pH  in  collected  tubular  fluids.   Some  of  the  animals  were 
made  acidotic  with  NH  CI  and  some  were  made  alkalotic  with 
NaHCO^.   Other  animals  were  maintained  on  a  low  sodium  diet. 

Major  Findings 

1  Sulfate,  a  large  anion  present  in  normal  urine,  decreases 
bicarbonate  secretion.  It  does  not  affect  the  bicarbonate  ab- 
sorptive process. 

2.  The  animals  maintained  on  a  lew  sodium  diet  had  increased 
salt  retaining  ability.   Tubules  removed  from  these  animals,  and 
perfused  in  vitro,  had  bicarbonate  secretion  which  was  blocked  by 
sulfate. 

3.  A  further  miniaturization  of  the  micro  pH  electrode  allows 
for  extremely  slow  perfusion  rates  without  significant  CO   loss. 
This  will  allow  measurement  of  pH  in  the  presence  of  the  HCO3- 
CO2  buffer  system  in  any  tubular  segment. 

Significance 

The  collecting  duct  can  make  the  final  adjustments  in 
urinarv  pS   FactSL  affecting  proton  and  bicarbonate  transport 

in  SSt^  lie   cortical  and  medullary  -^^-^^^l^^retLr^^Thf " 
are  major  determinants  of  urinary  ac.d-baseexcret^ 

present  studies  indicate  that  suitar^,  u-       .pcretion  in  the 
Modulate  the  process  by  inhibiting  bicarbonate  secretion 
cortical  collecting  ducts. 
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Proposed  Course 

1.  Using  the  pH  electrode,  investigate  the  mechanism  of  acidi- 
fication in  the  presence  and  absence  of  the  HCO_/COp  buffer 
system  in  the  proximal  tubule  as  well  as  the  cortical  collecting 
duct. 

2.  Examine  hormonal  influences  on  acidification  in  the  cortical 
collecting  duct. 

3.  Investigate  both  bicarbonate  transport  and  pH  in  the  medul- 
lary collecting  duct. 

4.  Further  explore  techniques  for  independently  evaluating 
proton  secretion  (bicarbonate  absorption)  and  bicarbonate  secre- 
tion. 

Publications 

1.    Burg,  M.  B.  and  lino,  Y. :  Control  of  renal  bicarbonate 
transport.   Satellite  Symposium  of  Epithelial  Transport 
Mechanism,  Kyoto,  Japan  ,  Membr.  Biochem.  2:405-411,  1979. 

3.    Burg,  M.  B. :  Secretion  and  reabsorption  of  bicarbonate  in 
single  renal  tubules  of  the  rabbit,  N.  Y.  Acad.  Sci.  (in 
press) . 

3.  Burg,  M.  B.  Bicarbonate  transport  by  rabbit  renal  proximal 
tubules*  University  of  Otago,  Dunedin,  New  Zealand,  1980. 
(iri  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  osmolality  of  the  fluid  within  lateral  intercellular 
spaces  separating  gallbladder  epithelial  cells  is  being  deter- 
mined from  measurements  of  the  refractive  index.   Living  Necturus 
gallbladder  epithelium  is  placed  in  a  special  chamber  and  observed 
with  a  microscope  interferometer.   The  refractive  index  of  the 
cells  and  the  spaces  between  them  are  being  compared  to  a  surround- 
ing cell-free  area. 
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Objective 

Fluid  transport  by  epithelia  is  secondary  to  active  solute 
transport  into  the  lateral  intercellular  spaces  separating 
epithelia  cells.   Several  recent  theories  predict  that  the  spaces 
are  filled  with  a  fluid  similar  in  concentration  to  that  in  the 
bulk  solutions  bathing  the  tissue,  while  the  earlier  models 
indicated  that  the  intercellular  fluid  is  more  concentrated  than 
the  bulk  solution.   It  is  the  object  of  this  project  to  measure 
the  osmolality  of  the  intercellular  fluid  by  determination  of  its 
refractive  index,  in  situ,  to  resolve  the  question. 

Methods 

Necturus  gallbladder  is  mounted  in  a  special  perfusion 
chamber  after  removal  of  the  serosal  connective  tissue.   This 
chamber  permits  the  continuous  perfusion  of  both  mucosal  and 
serosal  baths  and  ideal  optical  properties.   The  tissue  is 
supported  on  a  titanium  electron  microscopy  grid  and  is  observed 
at  lOOOx  magnification  on  a  Mach-Zehnder  microscope  interfero- 
meter.  Video  images  of  interference  fringe  patterns  are  analyzed 
illumination  at  several  different  wave  lengths. 

Major  Findings 

We  have  been  able  to  measure  the  osmolality  of  test  solu- 
tions within  a  few  percent.   Similar  accuracy  has  been  achieved 
on  the  living  epithelium.   Difficulties  in  interpretation  of  the 
tissue  measurements  previously  prevented  meaningfull  calculations 
of  interspace  osmolality.   Interspace  fluid  osmolality  has  been 
determined  in  transporting  and  non- transporting  states,  and  the 
refractive  index  computed  by  two  methods .   The  results  with  the 
two-wavelengths  method  (narrow  fringes  at  two  or  more  wavelengths 
of  monochromatic   blue-green  were  corrected  for  interferences 
from  the  junctional  complex  and  overlying  cytoplasm. 

Proposed  Course 

We  are  presently  processing  data  from  our  experiments  on 
Necturus  gallbladder.   We  project  completion  of  our  data  pro- 
cessing by  approximately  Sept.  1,  1980.   The  results  will  include 
junctional  complex  thickness  and  refractive  index,  and  inter- 
cellular space  refractive  index  and  thickness.   Interspace  fluid 
osmolality  may  then  be  calculated  from  the  refractive  index 
value. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Toad  kidney  cells  derived  from  Xenopus  laevis  form  a  monolayer 
epithelium  of  high  electrical  resistance.   The  cells  transport 
sodium  from  the  apical  to  the  basal-lateral  bathing  solution 
generating  a  potential  difference.   The  short-circuit  current  is 
equivalent  to  the  net  sodium  transport.   Sodium  transport  is 
stimulated  by  aldosterone.   Aldosterone  occupancy  at  specific 
nuclear  binding  sites  correlates  in  a  linear  manner  with  the 
stimulation  of  sodium  transport.   The  aldosterone  effect  is 
readily  reversible.   Incubation  with  aldosterone  results  in 
increased  ouabain  binding  to  membrane  preparations.   This  stimula- 
tion is  blocked  by  amiloride.   Cyclic  AMP  analogues  stimulate 
sodium  transport. 
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Objective 

Work  in  this  laboratory  and  others  has  demonstrated  that 
epithelia  formed  in  culture  have  transport  properties  and  re- 
sponses to  hormones  and  drugs  that  are  like  those  of  naturally 
occurring  epithelia.   The  objective  of  this  study  is  to  analyze 
the  properties  of  epithelia  formed  by  cells  of  the  line  A-6, 
derived  from  the  kidney  of  Xenopus  laevis,  and  to  explore  the 
mechanism  of  transport  and  its  control. 

Methods 


See  last  years  report  and  the  report  of  R.  Steele,  LTD, 
NHLBI . 

A  new  and  more  efficient  method  for  measuring  nuclear  bind- 
ing of  aldosterone  was  developed.   The  standard  technique  is  to 
homogenize  the  cells  and  separate  nuclei  by  centrifugation,  as  in 
last  year's  report.   In  the  new  method,  the  cells  are  made  per- 
meable by  transfer  to  a  cold,  dilute  buffer.   After  10  min.  the 
suspension  is  filtered  through  a  millipore  filter  in  a  fashion 
that  results  in  retention  of  aldosterone  bound  to  nuclear  sites. 
The  method  was  validated  by  comparing  results  of  the  new  method 
and  the  standard  method  after  cells  were  incubated  with  a  wide 
range  of  concentrations  of  aldosterone  for  long  and  short  periods. 

The  number  of  active  sodium  transporters  is  assessed  by  the 
specific  binding  of   H-ouabain  in  whole  homogenates  of  the 
epithelia.   Assay  conditions  have  been  refined  so  that  maximal 
specific  binding  is  achieved  (non-specific  binding  is  less  than 
5%  of  total  binding) . 

Major  Findings 

A-6  cells  form  a  monolayer  epithelium  with  a  high  trans- 
epithelial  electrical  resistance  of  5000-8000  ohm-cm  ,  mean 
potential  difference  of  lOmV,  apical  surface  negative,  and  mean 
short-circuit  current  dcp)  of  l.OyA-cm   .   I    is  stimulated 
after  3-8  hours  of  incubation  with  aldosterone  and  after  10-15 
minutes  of  incubation  with  8-BrcAMP  or  other  active  analogs  of 
CAMP.   I    is  equal  to  net  sodium  transport  under  all  these 
conditions . 

The  initial  steps  in  the  action  of  aldosterone  have  been 
characterized  by  measuring  nuclear  binding  of  the  hormone.   The 
cells  metabolize  aldosterone  to  a  more  polar  material  which  is 
not  displaced  by  aldosterone  from  binding  sites  and  is  included 
in  non-specific  binding.   Because  of  the  metabolism,  binding 
characteristics  are  regarded  as  approximations  and  are  termed 
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tein.   The  two  sites  also  differ  in  their  relative  affinity  for  a 
series  of  steroid  hormones.   Occupancy  of  the  low  affinity  bind- 
ing site  correlates  with  stimulation  of  I  _  by  aldosterone. 

Because  of  our  ability  to  study  these  epithelia  for  a  long 
time,  we  have  been  able  to  follow  the  time  course  of  the  stimu- 
lation of  !„_,  by  aldosterone  and  its  reversal  when  aldosterone  is 
withdrawn.   Stimulation  is  evident  after  90  min  and  reaches 
maximal  !„_,  after  8  hours.   Reversal  is  complete  within  24  hours. 

-7 
Incubation  with  10   M  aldosterone,  a  concentration  that 

stimulates  I   maximally,  results  in  more  active  sodiimn  trans- 
porters (assayed  by  specific  binding  of   H-ouabain) .   The  in- 
crease is  evident  as  early  as  6  hours  after  addition  of  aldo- 
sterone.  Maximal  increase  occurs  at  12-24  hours  and  is  40-60% 
greater  than  controls.   In  order  to  test  whether  the  aldosterone- 
elicited  increase  in  ouabain  binding  requires  increased  sodium 
transport,  amiloride  was  added  to  the  incubation  (^aldosterone) . 
Amiloride  blocks  90-95%  of  sodium  transport  by  these  cells. 
Incubation  with  amiloride  had  no  effect  on  the  amount  of  ouabain 
bound  by  control  cells,  but  markedly  reduced  the  stimulation  of 
binding  by  incubation  with  aldosterone.   These  results  are  in- 
terpreted as  indicating  that  the  increased  ouabain  binding  by 
aldosterone  treated  cells  is  not  directly  induced  by  the  hormone, 
but  is  secondary  to  the  stimulation  of  sodium  transport. 

Based  on  the  incorporation  of  radiolabelled  amino  acids  into 
proteins,  aldosterone  stimulates  the  synthesis  of  proteins  of 
66,000  and  29,000  molecular  weight  (in  SDS  gels).   The  proteins 
are  most  evident  in  a  microsomal  fraction. 

Significance 

The  study  has  clarified  the  relationship  between  nuclear 
binding  of  aldosterone  and  its  effect  on  sodium  transport.   The 
preparation  is  ideal  for  further  study  of  this  early  step  in  the 
action  of  this  hormone.   The  increase  in  sodium  transporters 
resulting  from  increased  sodium  transport  following  aldosterone 
has  not  been  previously  demonstrated  so  directly.   It  should  lead 
to  a  better  understanding  of  the  control  of  this  important 
transport  enzyme. 

Proposed  Course 

The  regulation  of  nuclear  binding  sites  for  aldosterone  will 
be  studied  by  assessing  the  effect  of  other  hormones  and  growth 
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conditions  on  binding  of  aldosterone.   The  molecular  weights  of 
the  proteins  whose  synthesis  is  stimulated  by  aldosterone  is 
similar  to  the  molecular  weights  of  some  of  the  subunits  of  Na- 
K-ATPase.   The  possibility  that  they  are  parts  of  the  enzyme 
will  be  tested  by  antibody  precipitation  of  the  enzyme  and  by 
examining  amino  acid  incorporation  in  the  presence  of  amiloride 
which  blocks  the  increase  in  the  number  of  sodium  pumps  produced 
by  aldosterone. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Na-K-ATPase  has  been  found  to  be  different  in  various  segments 
of  rabbit  nephron  from  0  to  20  0  pmole/mm  tubule  l|ngth/minute 
associated  with  the  difference  in  the  rates  of  Na   reabsorption  in 
various  segments.   Furthermore,  Na-K-ATPase  activity  was  found  to 
be  stimulated  in  cortical  collecting  ducts  by  pretreatment  of 
rabbit  with  DOCA  as  in  the  case  with  Na  reabsorption  and  K 
secretion. 
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Objective: 

Because  of  the  importance  of  the  Na-K-ATPase  in  the  renal 
reabsorption  of  Na  ,  we  wanted  to  develop  a  sensitive  but  simple 
method  for  assaying  this  enzyme  in  the  isolated  tubule  segments. 
Furthermore,  we  wanted  to  study  and  compare  the  Na-K-ATPase 
activity  of  various  tubular  segments.   Finally,  we  wanted  to 
study  the  effect  of  mineralocorticoids  (either  by  giving  deoxy 
corticosterone  acetate  or  keeping  the  animal  on  a  low  salt  diet) 
on  Na-K-ATPase  in  various  segments  of  the  rabbit  renal  tubules. 

Methods: 


The  Na-K-activated  ATPase  was  analyzed  by  the  modification 
of  the  method  of  Schoner,  et.  al .  (1967).   The  method  couples  ATP 
hydrolysis  with  oxidation  of  NADH  as  follows: 

Mg"^"*",  Na"^,  NH"*". 
^^^     Na-ATPase >  ^^^  +  ^^ 

Mg"^,  NhJ 

Phosphoenolpyruvate  +  ADP  =; ^ — ^7-5 >  Pyruvate 

'^■^  Pyruvate  Kinase^  jt  j. j.  ^ v  a  i.c 

Pyruvate  +  NADH  = t-^ — ^  ,  , >  Lactate  +  NAD 

Lactate  Dehydrogenase   ^   «-L.ai.c    ln«i^ 

There  is  a  Stoichiometric  relationship  between  the  oxidation  of 
NADH  and  the  hydrolysis  of  ATP. 

We  followed  the  rate  of  NADH  oxidation  f luorimetrically  in  a 
specially  modified  fluorometer  (Czaczkes,  et.  al .  1979)  which  is 
more  sensitive  than  the  spectrophotomoetric  measurements  used  by 
Schoner  et  al  (1967) . 

Major  Findings: 

1.  We  developed  a  microassay  for  the  determination  of  Na-K 
ATPase  activity  in  the  isolated  segments  of  the  nephron.   The 
method  is  sensitive,  reproducible  and  simple. 

2.  In  normal  rabbits,  Na-K-ATPase  activity  was  found  to  be  very 
high  (100-200  pmole/mm/min  of  ADP  formation)  in  early  proximal 
convoluted  tubule  (Si),  medullary  thick  ascending  limb,  distal 
convoluted  tubule  and  connecting  tubule;  low  (15-4  0  pmole/mm/min) 
in  proximal  straight  tubule  (S2  and  S3)  cortical  ascending  limb 
and  the  collecting  duct  system  and  zero  in  the  thin  limbs. 
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3.    Chronic  treatment  of  rabbits  with  deoxycorticosterone 
acetate  (5mg/day  for  10-12  days)  or  low  salt  diet  greatly  in- 
creased Na-K-ATPase  activity  in  cortical  collecting  duct  without 
comparable  changes  in  the  other  segments. 

Significance: 

The  development  of  simple  microassay  for  Na-K-ATPase  acti- 
vity will  be  useful  in  determination  of  the  effect  of  physio- 
logical and  pharmacological  agents  on  this  enzyme  in  various 
segments  of  the  nephron  which  may  help  in  elucidating  the  regu- 
latory mechanism  of  renal  Na   reabsorption. 

Proposed  Course;   Project  completed. 

Publication:   In  preparation. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Intracellular  ionic  activities  of  potassium  and  chloride 
are  being  measured  in  Necturus  gallbladder  epithelial  cells 
undergoing  osmotically  induced  volume  changes . 
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Objectives 

Necturus  gallbladder  epithelial  cells  undergo  volume  changes 
when  exposed  to  solutions  whose  osmolality  differs  from  control 
solutions.   Osmotically  induced  cell  shrinkage  or  swelling  is 
followed  by  a  rapid  readjustment  of  cell  volume  back  toward  the 
control  volume.   Such  readjustment  is  termed  "volume  regulation: 
and  in  other  tissues  results  from  the  flow  of  solutes  into  or  out 
of  the  cell.   The  object  of  these  experiments  is  the  identifi- 
cation and  quantitation  of  the  ion  movements  responsible  for  the 
observed  volume  regulation 

Methods 

Ion  sensitive  microelectrodes  have  been  constructed.   The 
electrodes  are  made  from  microfiber  glass  capillaries  drawn  to  a 
tip  of  diameter  less  than  1  ym.   The  electrodes  are  siliconized 
by  dipping  the  tip  into  trichloromethylsilane  for  a  few  seconds 
and  then  heating  them.   The  electrodes  are  stored  unfilled  until 
just  before  use  when  they  are  filled  from  the  back  end  with 
liquid  ion  exchange  resin.   The  ion  exchangers  used  in  these 
experiments  were  sensitive  to  Cl~  or  K  .   Since  the^^on  sensitive 
electrode  has  a  very  high  electrical  resistance  (10    ohms)  it 
exhibits  slow  response  time  and  great  sensitivity  to  electrical 
interferences.   It  is  connected  to  a  high  impedance  electrometer 
whose  output  is  displayed  on  a  digital  voltmeter,  interfaced  to  a 
small  computer.   Determination  of  the  end  point  of  electrode 
drift  and  slope  sensitivity  to  K  ,  or  Cl   is  then  made  object- 
ively by  this  computer  system.   A  chamber  has  been  designed  which 
permits  rapid  exchange  of  the  solutions  bathing  either  surface  of 
the  gallbladder  epithelium. 

Major  Findings 

The  experiments  are  in  a  very  early  stage  and  most  of  our 
efforts  have  been  devoted  toward  the  fabrication  of  working 
electrodes  of  suitable  geometry.   We  have  also  evaluated  the 
speed  of  exchange  of  solutions  in  our  chamber  and  have  modified 
the  chamber  design  to  reduce  the  time  required  for  a  complete 
change  of  solution. 

Proposed  Course 

We  will  determine  intracellular  chloride  activity  and  cell 
membrane  potential  during  osmotically  induced  cell  shrinkage  and 
subsequent  volume  regulatory  swelling.   We  will  investigate  the 
effects  of  ouabain  and  other  inhibitors  on  intracellular  com- 
position and  cell  volume  regulation. 


Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  objective  of  the  project  is  to  measure  transepithelial 
electrical  resistance  in  the  connecting  tubule,  in  the  distal 
convoluted  tubule,  in  the  medullary  collecting  tubule,  and  in  the 
medullary  thick~ascending  limb  of  Henle's  loop. 
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Objective : 


Following  the  development  in  this  laboratory  of  methods  to 
perfuse  individual  nephron  segments  in  vitro,  sodium  and 
potassium  transport  in  most  of  the  twelve  mammalian  nephron 
segments  has  been  exhaustively  analyzed.   Notable  exceptions  are 
distal  convoluted  tubules  and  connecting  tubules,  measurements 
in  those  segments  are  limited  to  adenylate  cyclase,  sodium, 
potassium-activated  ATPase,  osmotic  water  permeability,  and 
transepithelial  voltage.   The  characteristics  of  sodium  and 
potassium  transport  have  not  been  directly  examined,  despite  the 
fact  that  the  sodium,  potassium-activated  ATPase  is  high  and 
this  enzyme  activity  correlates  with  sodium  transport  in  other 
segments.   The  reason  that  the  distal  convoluted  and  connecting 
tubules  have  not  been  more  intensively  studied  is  that  they  are 
difficult  to  identify  and  dissect,  and  in  many  nephrons  are  very 
short  (<0.5  mm).    The  present  project  is  directed  towards  these 
difficult  but  important,  studies.   The  initial  steps  will  be 
measure  transepithelial  voltage  and  resistance,  since  those 
measurements  are  relatively  simple  and  can  be  performed  on  short 
tubule  segments. 

Methods : 

The  method  previously  developed  and  described  from  this 
laboratory  were  being  used  for  tubule  dissection  and  measurement 
of  transepithelial  voltage  and  resistance. 

Major  findings: 

Dr.  Almeida  has  been  learning  the  methods  by  reconfirming 
previous  findings  with  cortical  collecting  ducts.  This  accom- 
plished, he  is  now  dissecting  and  perfusing  connecting  tubules. 

Publications:   None 
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Objectives 

The  continuing  goal  of  this  project  is  to  elucidate  on  both 
the  physiological  and  molecular  level  the  mechanism  by  which 
D-glucose  is  reabsorbed  from  the  urine  in  the  proximal  tubule. 
At  present  we  are  concentrating  on  the  specificity  and  kinetic 
properties  of  the  transporter  as  studied  in  isolated  brush 
border  membrane  vesicles. 

Methods 

Techniques  for  preparing  purified  proximal  tubule  brush 
border  membrane  vesicles  have  been  worked  out  for  both  the  dog 
and  the  rabbit.   These  are  essentially  modifications  of  pre- 
viously published  methods  of  our  own  and  others.   Purity  is 
monitored  by  assaying  for  enzymes  known  to  be  localized  to  the 
brush  border  membrane,  the  antiluminal  membrane,  mitochondria, 
endoplasmic  reticulum  and  lysosomes. 

Transport  and  binding  studies  are  carried  out  using  radio- 
labelled  substrates  and  rapid  filtration  techniques.   A  fast 
sampling  apparatus  capable  of  sampling  times  as  short  as  0.5 
seconds  has  been  constructed  with  the  assistance  of  Dr.  G.  Vurek 
(Laboratory  of  Technical  Development,  NHLBI) . 

Major  Findings 

The  specificity  and  kinetic  characteristics  of  brush 
border  membrane  D-glucose  transport  have  been  studied  in _ some 
detail  by  ourselves  and  others.   Two  significant  contributions 
to  the  understanding  of  this  process  have  come  from  our  labora- 
tory this  year.   The  first  arises  from  a  study  of  the  phlorizin 
binding  properties  of  the  transporter  and  the  second  deals  with 
heterogeneity  of  transport  sites  along  the  length  of  the  proxi- 
mal tubule.   Some  complimentary  theoretical  studies  have  also 
been  carried  out. 

(a)   Phlorizin  binding  studies  (with  M.  Silverman) 

The  compound  phlorizin  is  a  potent  competitive  inhibitor 
of  renal  D-glucose  reabsorption .   It  acts  by  competing  with  the 
sugar  for  its  binding  site  on  the  brush  border  transporter  with- 
out itself  being  translocated.   As  a  result  of  the  less  complex 
interaction  of  phlorizin  with  the  carrier  (binding  for  the 
inhibitor  vs.  binding,  translocation  and  dissociation  for  sub- 
strate) it  is  possible  to  obtain  certain  types  of  information 
from  phlorizin  binding  studies  which  are  considerably  more 
difficult  to  obtain  from  transport  experiments.   We  have  shown 
that  the  binding  of  sodium  and  phlorizin  to  the  brush  border 
glucose  carrier  occurs  via  a  random  rather  than  an  ordered 
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process  and  that  the  stoichiometry  of  these  binding  events  is  one 
sodium  ion  per  phlorizin  molecule.   Binding  constants  and  other 
kinetic  parameters  for  the  interaction  of  phlorizin  and  sodium 
with  their  receptors  have  also  been  determined.   These  results 
suggest  that  the  binding  of  glucose  and  sodium  to  the  transporter 
is  a  random  process  and  thus  that  models  of  the  transporter  which 
require  ordered  binding  (e.g.  certain  types  of  pores)  are  in- 
correct. 

(b)  Glucose  transport  studies 

Early  experiments  by  ourselves  on  the  kinetics  of  D-glucose 
transport  in  brush  border  vesicles  indicated  that  more  than  one 
transport  site  might  be  present  in  these  preparations.   Our 
suggestion  at  that  time  was  that  these  results  might  indicate  a 
heterogeneity  of  transporters  along  the  length  of  the  proximal 
tubule.   We  have  now  succeeded  in  physically  separating  two  dis- 
tinct sodium  dependent,  phlorizin  sensitive  glucose  transporters 
from  rabbit  kidney.   The  first,  a  low  affinity  high  capacity  sys- 
tem, is  seen  in  vesicle  preparations  from  the  outer  cortex  con- 
taining predominately  brush  border  membranes  from  the  earliest 
part  of  the  proximal  tubule.   The  second,  a  high  affinity  low 
capacity  system,  is  seen  in  preparations  from  the  outer  medulla 
presumably  containing  predominately  membranes  from  the  last  part 
of  the  proximal  tubule.   Preliminary  experiments  also  indicate 
differences  in  sodium  dependence  and  in  specificity  for  glucose 
analogues  between  these  two  transport  sites. 

(c)  Models  of  coupled  transport  systems 

In  order  to  better  understand  the  possible  mechanisms  of 
coupled  transport  and  to  design  appropriate  experiments  to  dis- 
tinguish between  them,  we  have  been  analyzing  the  properties  of 
a  family  of  co-transport  models.   Although  these  models  are  based 
on  the  carrier  principle  they  are  not  limited  to  the  traditional 
mobile  carrier  interpretation.   The  most  general  model  allows  the 
substrate  molecule  and  its  co-transported  cation  to  bind  in  a 
random  fashion  at  either  membrane  face.   Various  submodels  in- 
clude ordered  binding  schemes  and  pore-type  models  where  the 
order  of  binding  is  reversed  at  the  two  membrane  faces.   We  have 
shown  that  the  various  transport  models  can  be  distinguished  from 
one  another  on  the  basis  of  a  series  of  relatively  simple  kinetic 
measurements.   Rejection  criteria  for  carrier-type  models  in 
general  have  also  been  derived. 

Proposed  Course 

A  detailed  study  of  the  glucose  transport  and  phlorizin 
binding  properties  of  the  high  affinity  and  low  affinity  glucose 
transporters  is  planned. 
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Objectives 

Our  long  term  objective  is  to  combine  the  advantages  of 
studying  transport  processes  in  intact  cultured  epithelia  with 
those  inherent  to  an  isolated  vesicle  preparation.   We  plan  to 
follow  the  effects  of  various  drugs  and  hormones  on  selected 
epithelial  transport  systems.   The  production  of  the  desired 
biological  effect  will  be  monitored  using  intact  cells,  then  the 
transport-related  events  will  be  studied  in  the  vesicle  systems. 
An  important  part  of  this  work  concerns  the  development  of 
techniques  for  isolating  and  distinguishing  between  apical  and 
basal  plasma  membranes. 

Methods  and  Major  Findings 

We  have  explored  a  number  of  methods  for  homogenizing  cells 
(hypotonic  shock;  nitrogen  cavitation;  Polytron,  Potter-Elvehjen, 
Bounce  and  VirTis  homogenization;  and  combinations  of  the  above) 
and  for  isolating  plasma  membranes  (differential  centrifugation; 
density  gradient  centrifugation  and  calcium  precipitation) .   A 
method  based  on  a  combination  of  hypotonic  shock,  VirTis  homo- 
genization and  calcium  precipitation  seems  to  produce  a  good 
yield  of  plasma  membranes  for  those  cell  types  tested.   A  series 
of  enzymatic  and  other  markers  has  been  developed  to  monitor  the 
purity  of  the  final  vesicle  fraction.   These  are  alkaline  phos- 
phatase (some  apical  membranes) ,  Na-K-ATPase  (basal-lateral 
membranes) ,  glucose-5-phosphatase  (endoplasmic  reticulum) ,  acid 
phosphatase  (lysosomes) ,  succinic  dehydrogenase  (mitochondria) , 
5-nucleotidase  (plasma  membranes)  and  DNA  (nuclei) .   Preliminary 
attempts  to  label  the  apical  membranes  of  A6  cells  with   H-DIDS 
have  also  been  carried  out. 

To  date  plasma  membrane  vesicles  have  been  prepared  from  the 
A6  line  derived  from  toad  kidney  and  the  LLC-PK,  line  derived 
from  pig  kidney.   Preliminary  experiments  on  A6  vesicles  indicate 
a  saturable  amiloride  sensitive  component  of  sodium  transport. 
Vesicles  prepared  from  the  LLC-PK,  line  show  sodium  dependent, 
phlorizin  sensitive  D-glucose  transport. 

Proposed  Course 


A  detailed  study  of  the  glucose  and  phosphate  transport 
rties  of  LLC-PI 

Publications:   None 


properties  of  LLC-PK.,  vesicles  is  planned  for  the  future 
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SUMMARY   OF   WORK    (200   words   or   less   -   laniierline    keywerds) 

Amphiuma  red  cells  enlarge  and  regulate  their  volume  by 
utilizing  in  amiloride-sensitive  Na  transport  mechanism.   CI  is 
not  essential  to  this  transport  process  unlike  the  comparable 
response  in  duck  erythrocytes.   The  Amphiuma  transport  process 
acts  as  a  Na/H  antiport  or  alternatively  as  a  Na/OH  symport.   As 
such  it  is  capable  of  transferring  the  energy  inherent  in  a 
cation  (Na)  electrochemical  gradient  maintained  across  a  membrane 
to  an  electrochemical  gradient  involving  H  ions. 
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Objectives 

Some  animal  cells  can  regulate  their  volume  by  altering 
their  salt  content.   They  use  ouabain-insensitive  transport 
mechanism (s)  to  either  add  to  or  reduce  their  ion  content. 
Osmotic  shifts  in  cell  water  follow  and  produce  the  necessary 
changes  in  cell  size.   These  transport  mechanisms  constitute  part 
of  a  "volume  controlling  mechanism"  which  has  been  studied  most 
extensively  in  the  nucleated  erythrocytes  from  two  animals,  duck 
and  Amphiuma. 

Recently,  the  results,  using  three  experimental  approaches 
have  increased  our  undert sanding  of  the  transport  mechanism (s)  in 
duck  red  cells.   We  measured  in  these  three  experimental  ap- 
proaches: a)  extracellular  pH  when  transport  and  volume  regu- 
lation takes  place  in  a  minimally  buffered  media,  b)  Na,  K  and  CI 
transport  after  having  substituted  Br . I ,  SCN,  or  N0_  for  CI  or 
blocked  the  anion  exchange  mechanism  of  red  cells  with  the 
disulfonic  stilbene,  SITS,  and  c)  the  membrane  potential  using 
the  carbocyamine  dye,  DISC... 

These  studies  indicate  that  the  basic  transport  process (es) 
in  duck  red  cells  involves  electroneutral  salt  translocation  in 
which  equivalent  amounts  of  CI  accompany  both  Na  and  K.   As  duck 
erythrocytes  enlarge,  for  instance,  they  utilize  a  Na  plus  K 
plus  CI  co-transport  system  to  acquire  additional  Na,  K  and  CI. 
This  transport  process  shares  several  similarities  with  the 
furosemide-sensitive  transporter (s)  of  epithelial  cells. 

During  the  past  year  we  have  applied  these  same  three 
experimental  approaches  to  the  transport  process  responsible  for 
enlarging  Amphiuma  red  cells  in  an  effort  to  better  understand 
this  transport  system.   These  results  indicate  that  unlike  duck 
erythrocytes,  the  basic  transport  process  in  Amphiuma  red  cells 
acts  as  an  antiporter  which  exchanges  Na  for  H  in  a  one  to  one 
fashion.   Alternatively  this  process  can  be  viewed  as  a  symporter 
which  co-transports  Na  and  OH. 

Our  interest  in  the  Amphiuma  transport  process  is  an  out- 
growth of  previous  studies  and  has  rather  general  interest.   We 
reported  previously  (Siebens  &  Kregenow,  Annual  Reports,  1978, 
1979)  that  the  Amphi\ima  transport  process  is  blocked  by  amiloride 
and  shares  several  characteristics  with  the  amiloride-sensitive 
transporter  of  epithelial  cells.   Thus  there  exists  the  possi- 
bility that  the  furosemide  and  amiloride  sensitive  transport 
systems  responsible  for  epithelial  electrolyte  transport  may  be 
similar  or  identical  to  those  that  regulate  cell  volume  in  duck 
and  Amphiuma  erythrocytes. 
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Methods 

The  basic  techniques  and  procedures  have  been  described  in 
previous  annual  reports. 

Major  Findings 

If  Amphiuma  erythrocytes  are  allowed  to  enlarge  in  a  hyper- 
tonic solution  which  has  very  little  buffering  capacity,  the 
medium  becomes  acidic.   This  acidification  process  requires  that 
cells  enlarge;  amiloride  by  inhibiting  Na  uptake  prevents  en- 
largement and  almost  completely  inhibits  acidification.   Acidi- 
fication is  an  integral  part  of  the  enlargement  process,  corolla- 
ting  with  both  Na  uptake  and  the  increase  in  cell  size.   Changes 
in  medium  cation  and  anion  composition,  osmolality  and  pH  which 
produce  very  characteristic  changes  in  the  rate  of  Na  uptake 
produce  identical  changes  in  the  rate  of  acidification. 

This  acidification  process  is  actually  a  buffered  response 
although  measurements  are  obtained  in  a  minimally-buffered  media. 
The  anion  exchange  mechanism  of  red  cells,  by  permitting  CI  and 
HCO^  to  exchange  across  the  membrane,  allows  extracellular  H  or 
OH,  in  effect,  to  react  with  the  cellular  buffering  system.   One 
can  obtain  direct  evidence  in  support  of  this  explanation  for  pH 
equilibration  across  the  membrane  by  following  the  shifts  in 
medium  pH  after  introducing  a  bolus  of  NaOH  to  the  medium  when 
the  medium  is  rendered  low  in  HCO-,  or  contains  anions  other  than 
CI.   This  sort  of  analysis  also  demonstrates  that  treating  cells 
with  SITS,  which  blocks  the  anion  exchanger,  prevents  any  pH 
equilibration  from  taking  place  across  the  membrane  at  all. 

The  medium  becomes  acid  because  as  cells  enlarge  there  is  a 
disparity  in  the  number  of  new  cations  and  anions  that  eventually 
end  up  on  the  opposite  side  of  the  membrane.   More  Na  than  CI  is 
removed  from  the  medium.   Thus,  hydronium  and  hydroxy 1  ions 
become  important  in  maintaining  electroneutrality  on  both  sides 
of  the  membrane.   Measurements  of  the  amount  of  titrable  acidity 
that  develop  during  the  response  support  this  explanation. 
Titrable  acidity  was  measured  in  a  fairly  well-buffered  mediiom 
and  calculated  from  the  amount  of  NaOH  needed  to  maintain  medium 
pH  constant.   After  a  thirty-minute  incubation,  titrable  acidity 
is  approximately  45%  of  the  amount  of  Na  taken  up  when  both  are 
expressed  in  millimoles  and  agrees  with  the  40-50%  predicted  from 
the  differences  in  the  net  uptake  of  Na  and  CI  under  similar 
conditions. 

Anion  substitution  experiments  applied  to  the  Amphiuma 
transport  process  demonstrate  that  CI  is  not  essential  to  the 
Amphiuma  response,  unlike  in  the  duck  response.   Br  again  substi- 
tutes for  CI  but  so  can  NO^.   I  and  SCN  replacement  cause  only 
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partial  inhibition  of  Na  uptake.   One  can  demonstrate  more 
directly  that  CI  is  not  essential  to  the  Na  uptake  process  of 
Amphiuma  red  cells  by  studying  SITS-treated  cells.   SITS-treated 
cells  still  take  up  large  quantities  of  Na  but  no  CI,  and  they 
show  no  amiloride-sensitive  change  in  CI  fluxes. 

Treating  Amphiuma  red  cells  with  SITS,  also  augments  the 
medium  acidification,  described  previously,  that  takes  place  when 
the  transport  system  is  activated.   Part  of  this  augmented  pH 
change  results  from  SITS  having  blocked  the  anion  exchanger  and 
impaired  the  cell's  ability  to  pH  regulate.   The  medium  becomes 
more  acid  because  extracellular  hydrogen  ions  can  no  longer 
interact  indirectly  with  the  cellular  buffering  system.   But  not 
all  of  the  enhanced  pH  change  is  explicible  in  these  terms.   This 
becomes  apparent  if  SITS-treated  cells  are  permitted  to  enlarge 
in  a  fairly  well-buffered  medium  and  the  titrable  acidity  mea- 
sured as  before.   Under  these  conditions,  Na  uptake  and  the 
measured  titrable  acidity  are  approximately  equivalent.   There  is 
an  apparent  one  to  one  exchange  of  Na  for  hydrogen  at  all  Na 
concentrations. 

The  following  model  is  consistent  with  the  data.   Na  enters 
the  cell  through  an  amiloride-sensitive  Na/H  antiport  or  Na/OH 
symport.   By  blocking  the  anion  exchanger  and  associated  CI 
pathway,  SITS  prevents  the  normal  passive  distribution  of  chlor- 
ide and  hydroxyl.   As  Na  enters  SITS-treated  cells,  CI  is  trapped 
outside  while  hydroxyl  is  trapped  inside.   The  SITS-treated  cell 
swells  because  osmotically  active  Na  enters  in  exchange  for 
hydrogen,  which  is  not  osmotically  active  when  buffered  by  the 
cellular  elements. 

A  finding  consistent  with  the  model  is  the  observation  that 
the  membrane  potential  does  not  change  appreciably  during  trans- 
port despite  the  large  increase  in  Na  uptake.   The   membrane 
potential  was  measured  directly  with  microelectrodes  using  a 
single  cell  technique  developed  previously  by  this  laboratory  and 
indirectly  using  the  carbocyamine  dye,  DISC^.   Both  measurements 
are  subject  to  criticism  but  taken  together  suggest  an  electri- 
cally silent  Na  uptake  as  proposed  by  the  model. 

The  model  also  makes  several  predictions  about  the  response 
of  SITS-treated  cells.   Three  of  these  were  confirmed  experi- 
mentally.  First,  CI  should  not  and  does  not  enter  as  SITS- 
treated  cells  take  up  Na.   Second,  trapping  hydroxyl  ions  within 
the  cell  should  increase  intracellular  pH.   Measurements  of  cell 
pH  on  frozen  and  thawed  cells  show  that  the  intracellular  pH  does 
rise.   Finally,  one  should  expect  a  reduced  cell  volume  per  unit 
gain  of  cations  with   SITS-treatment  since  Na  is  no  longer 
accompanied  by  osmotically  active  CI.   SITS-treated  cells  do  show 
a  smaller  volume  gain  per  unit  gain  in  cation  content. 


ZOl  HL  01245-01  KE 
Significance 

1)  The  observations  lead  to  a  clearer  understanding  of  trans- 
port process  responsible  for  enlarging  Amphiuma  red  cells.   The    - 
findings  are  compatible  with  a  model  which  depicts  the  transport  | 
process  as  a  Na/H  antiport  or  a  Na/OH  symport. 

2)  This  transport  process  permits  the  cell  to  transfer  energy 
from  a  cation  (Na)  electrochemical  gradient  to  an  electrochemical 
gradient  involving  H  ions.   This  realization  permits  one  to 
synthesize  models  for  all  duck  and  Amphiuma  transport  processes 
by  making  use  of  the  chemiosmotic  hypothesis  of  Mitchell. 

3)  The  studies  suggest  that  factors  controlling  intracellular 
pH  may  be  important  in  certain  stages  of  the  volume  regulatory 
responses  of  nucleated  erythrocytes. 
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MOLECULAR  DISEASE  BRANCH 
NATIONAL  HEART,  LUNG,  AND  BLOOD  INSTITUTE 
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The  overall  objective  of  the  research  program  of  the  Molecular  Disease 
Branch  is  the  delineation  of  the  molecular  and  structural  properties  of  the 
human  plasma  apolipoproteins,  the  physiological  role  of  apolipoproteins  and 
lipoproteins  in  lipid  transport,  the  determination  of  the  mechanisms  involved 
in  the  regulation  of  cellular  cholesterol  metabolism  and  transport,  and  the 
elucidation  of  the  metabolic  and  molecular  mechanisms  involved  in  plasma  lipo- 
protein biosynthesis,  transport,  and  catabolism  in  normal  individuals  and 
patients  with  disorders  of  lipid  metabolism  and  atherosclerosis. 

During  the  last  several  years  the  staff  of  the  Molecular  Disease  Branch 
has  developed  a  conceptual  framework  for  the  understanding  of  the  dynamic 
processes  involved  in  the  biosynthesis,  transport,  and  catabolism  of  plasma 
apolipoproteins.  Within  this  framework  the  plasma  lipoproteins  are  con- 
ceptualized as  a  polydisperse  collection  of  lipoprotein  particles,  the  lipo- 
protein composition  of  which  is  determined  by  the  laws  of  mass  action.  The 
important  molecular  constitutent  of  the  plasma  lipoprotein  particle  which  is 
involved  in  the  regulation  of  lipoprotein  particle  transport  and  metabolism 
is  the  apolipoprotein  moeity.  The  distribution  of  a  specific  apolipoprotein 
within  plasma  is  governed  by  the  relative  concentration  of  and  affinity  for, 
the  plasma  lipoproteins.  This  concept  of  plasma  lipoproteins  emphasizes  the 
fundamental  importance  of  the  apolipoprotein  in  regulating  lipoprotein  metab- 
olism and  provides  a  model  for  understanding  apolipoprotein-lipoprotein  inter- 
actions during  lipoprotein  biosynthesis,  transport,  and  catabolism  in  normal 
subjects  and  in  patients  with  dysl ipoproteinemia  and  atherosclerosis. 

Prerequisite  to  an  analysis  of  the  physiological  role  of  plasma  apolipo- 
proteins in  lipid  metabolism  is  a  detailed  knowledge  of  the  biochemistry  and 
molecular  structure  of  the  plasma  apolipoproteins.  Over  the  last  several 
years  we  have  undertaken  a  systematic  study  of  the  human  plasma  apolipo- 
proteins including  the  primary  structure  of  apoA-I,  apoA-II,  apoC-I,  and 
apoC-III.  Recently  these  studies  have  been  extended  to  an  analysis  of  apoD. 
ApoD  has  been  isolated  in  homogeneous  form  by  affinity  chromatographic  tech- 
niques. A  larger  molecular  form  of  apoD  was  identified  during  apoD  purifi- 
cation. Detailed  characterization  of  this  apolipoprotein  revealed  an 
apoD-A-II  dimer.  This  disulfide  dimer  of  apoD  and  monomeric  apoA-II  was 
present  in  most  samples  of  high  density  lipoproteins  (HDL)  analyzed.  Mixed 
dimers  of  apoA-II  appear  to  be  frequent  within  HDL,  and  have  now  been  reported 
with  apoE  and  apoA-I|vi-i]ano'  ^^  physiological  importance  of  these  mixed 
dimers  is  as  yet  unknown. 

Studies  during  the  last  year  have  continued  to  focus  on  apoE.  ApoE  has 
been  isolated  in  electrophoretically  homogeneous  form  from  normal  subjects 
and  patients  with  phenotypes  III  and  V  by  affinity  chromatography.  Isoelectric 
focusing  of  apoE  from  normal  and  Type  V  subjects  contained  three  principal 
isomorphic  forms  of  apoE  designated  apoEi ,  apoE2,  and  apoE3.  All  patients 
with  Type  III  phenotype  on  isoelectric  focusing  were  deficient  in  apoE3.  The 
amino  acid  compositions  of  apoE  isolated  from  normal,  Type  III,  and  Type  V 
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subjects  were  similar.  Two  dimensional  fingerprint  analysis  of  apoE  from 
normal  and  Type  III  subjects  revealed  that  the  Type  III  apoE  appeared  altered 
with  the  entire  apolipoprotein  shifted  in  pi.  Detailed  metabolic  studies 
have  been  performed  on  apoE  from  normal.  Type  III  and  Type  V  subjects  and  will 
be  discussed  below. 

Extensive  investigation  has  also  focused  on  a  newly  recognized  apolipo- 
protein designated  apoH.  ApoH  has  been  shown  to  be  a  major  apolipoprotein 
constituent  of  lymph  chylomicrons,  and  plasma  chylomicrons-VLDL  in  patients 
with  hypertriglyceridemia.  This  apolipoprotein  has  been  shown  to  bind  to 
artificial  lipid  emulsions,  and  to  have  a  high  affinity  for  plasma  lipopro- 
teins. Detailed  characterization  of  apoH  indicated  that  it  was  identical  to 
^2  glycoprotein-I  which  had  been  described  several  years  ago  as  a  glycopro- 
tein component  of  plasma.  Of  major  importance  was  the  discovery  that  apoH 
activates  lipoprotein  lipase  (see  below). 

Of  particular  interest  over  the  last  year  has  been  the  critical  evalua- 
tion of  the  B  apolipoprotein.  Studies  in  the  literature  have  suggested  that 
in  the  rat  apoB  is  present  in  two  forms.  The  larger  molecular  weight  form  on 
SDS  gel  electrophoresis  is  the  major  protein  constituent  of  LDL  and  is 
thought  to  be  of  liver  origin.  The  smaller  molecular  weight  form  is  the 
major  apolipoprotein  of  lymph  chylomicrons  and  has  been  proposed  to  be 
synthesized  by  the  intestine.  Studies  in  our  laboratory  have  identified  a 
large  and  small  molecular  weight  B  apolipoprotein  which  may  be  analogous  to 
the  apolipoproteins  reported  in  the  rat.  These  two  apoB  proteins  have  been 
purified  and  antibodies  prepared  against  the  individual  forms.  Detailed 
analysis  of  the  two  apolipoproteins  are   underway  with  respect  to  amino  acid 
composition,  molecular  properties,  and  antibody  specificity.  These  studies 
will  be  of  particular  interest  since  these  two  apolipoproteins  may  serve  as 
biochemical  markers  for  lipoproteins  synthesized  by  the  liver  and  intestine. 

Of  major  importance  in  our  characterization  and  analysis  of  plasma  apo- 
lipoproteins has  been  the  determination  of  the  amino  acid  sequence  of  apoli- 
poproteins. Studies  on  improving  the  methods  for  sequence  analysis  of  pep- 
tides and  proteins  has  continued  in  the  Branch.  A  large  reaction  cup  and 
cold  trap  have  been  developed  for  the  commercial  amino  acid  Sequencer.  The 
large  reaction  cup  increased  the  surface  area  of  the  cup  by  75  percent.  The 
large  reaction  cup  and  cold  trap  modifications  have  significantly  improved 
the  repetitive  yield  and  decreased  the  nonspecific  cleavage  of  proteins  and 
peptides  degraded  on  the  modified  Sequencer.  These  modifications  have  become 
available  as  accessory  units  for  the  commercial  Sequencer,  and  should  markedly 
facilitate  the  structural  analysis  of  proteins  and  peptides. 

A  systematic  analysis  of  the  molecular  properties  of  the  human  apolipo- 
proteins continues  to  be  an  active  area  of  research  within  the  Branch.  A 
detailed  knowledge  of  the  physico-chemical  properties  of  the  apolipoproteins 
is  required  for  our  understanding  of  the  molecular  mechanisms  involved  in 
apolipoprotein-lipoprotein  particle  interaction  and  metabolism.  Within  the 
framework  of  our  concept  of  lipoproteins  the  quaternary  structure  of  plasma 
lipoproteins  and  the  changes  in  apolipoprotein  composition  of  plasma  lipopro- 
teins during  transport  and  metabolism  is  dependent  on  the  molecular  properties 
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of  the  individual  apolipoproteins.  Studies  within  our  Branch  over  the  last 
several  years  have  revealed  that  the  human  apolipoproteins  have  several  unique 
molecular  properties.  Apolipoproteins  A-I,  A-II,  and  apoC-I  have  been  shown 
to  self-associate.  The  self-association  scheme  for  the  individual  apolipo- 
proteins is  as  follows:  apoA-I,  monomer-dimer-tetramer-octamer;  apoA-II, 
monomer-dimer;  apoC-I,  monomer-dimer-tetramer.  Of  particular  note  was  the 
recognition  that  concomitant  with  self-association  of  the  apolipoprotein  was 
a  major  increase  in  molecular  structure.  In  the  monomer  form,  apolipoproteins 
were  nearly  devoid  of  organized  structure,  whereas  in  the  oligomeric  form 
the  conformation  increased  to  that  characteristic  of  globular  proteins. 
These  dramatic  changes  in  structure  are  greater  than  those  reported  for  any 
other  self-associating  protein  system.  Tlie  driving  forces  for  the  dramatic 
change  in  conformation  of  the  apolipoproteins  is  the  shielding  of  nonpolar 
residues  from  the  solvent  and  is  thus  hydrophobic  in  nature. 

The  self-association  of  plasma  apolipoproteins  has  been  shown  to  be  ex- 
tremely sensitive  to  various  ligands,  pH,  ionic  strength,  and  protein  concen- 
tration. Of  particular  note  has  been  the  demonstration  of  hydrostatic  pres- 
sure on  the  molecular  properties  of  the  apolipoproteins.  In  interacting 
systems  when  there  is  a  major  change  in  solvent  exposure  of  the  nonpolar  resi- 
dues during  oligomer  formation  there  may  be  a  significant  change  in  molar 
volume.  This  is  primarily  due  to  the  unfavorable  interaction  between  nonpolar 
solutes  and  water.  Presumably  decreases  in  the  amount  of  "ordered  water" 
allow  nonpolar  solutes  to  expand  when  shielded  from  solvent.  The  association 
of  apo-AI,  apoA-II  as  well  as  apoC-I  have  now  been  shown  to  be  significantly 
effected  by  pressure  and  the  volume  changes  on  associations  are  of  a  magnitude 
greater  than  previously  reported  in  the  literature. 

During  the  past  year  the  analysis  of  the  molecular  properties  of  apolipo- 
proteins has  been  extended  to  apoC-III.  In  contrast  to  apoA-I,  apoA-II,  and 
apoC-I,  there  is  little  change  in  the  structure  of  apoC-III  with  self-associ- 
ation. Tlie  secondary  structure  of  apoC-III  however  does  dramatically  in- 
crease in  the  presence  of  inorganic  phosphate.  This  interesting  result  illus- 
trates the  unique  physico-chemical  properties  of  the  apolipoproteins. 

Protein-protein  interactions  may  be  of  major  importance  in  the  quaternary 
structure  of  plasma  lipoprotein  particles.  Tlie  self-association  of  several 
of  the  apolipoproteins  has  been  delineated  as  outlined  above.  Of  equal  impor- 
tance were  the  nature  and  extent  of  mixed  apolipoprotein  interactions.  The 
interactions  of  apoA-I  +  apoA-II,  and  apoA-II  +  apoC-I  are   currently  being 
investigated.  A  detailed  study  of  these  mixed  interactions  has  been  facil- 
itated by  modification  of  one  of  the  apolipoproteins  under  investigation  by 
nitration,  or  sulfenylation.  The  molecular  properties  of  these  modified 
apolipoproteins  were  shown  to  be  identical  to  the  native  protein.  Employing 
these  techniques  we  demonstrated  the  formation  of  specific  mixed  oligomers 
as  follows:  apoA-I:apoA-II,  1:1  and  2:2;  apo  A-II:apoC-I,  2:4. 

The  elucidation  of  the  specific  interactions  between  apolipoproteins 
will  be  of  major  importance  as  we  continue  to  determine  the  role  of  apolipo- 
proteins in  the  quaternary  structure,  function  and  metabolism  of  the  plasma 
lipoprotein  particles. 
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During  the  last  several  years  the  cellular  binding,  uptake,  and  catab- 
olism  of  plasma  lipoproteins  have  attracted  a  great  deal  oif  interest  and  re- 
search. Investigation  of  the  role  of  cholesterol  in  the  atherogenic  process 
has  focused  primarily  on  the  etiological  importance  of  plasma  lipoproteins 
and  cellular  receptor  sites.  Of  increasing  interest  and  importance  is  the 
intracellular  regulation  of  cholesterol  esterification,  hydrolysis,  and  bio- 
synthesis. A  key  enzyme  in  the  overall  regulation  of  cellular  cholesterol 
concentration  is  acid  cholesteryl  ester  hydrolase,  the  lysosomal  enzyme  re- 
sponsible for  hydrolysis  of  cholesterol  esters  into  cholesterol  and  free 
fatty  acids. 

Acid  cholesteryl  ester  hydrolase  (ACEH)  activity  has  been  assayed  in 
mononuclear  cells  of  patients  (age  25-45)  with  angiographically  documented 
coronary  artery  disease  (CAD)  and  patients  of  similar  age  with  structural 
heart  disease.  All  established  risk  factors  were  evaluated  in  these  patients. 
ACEH  activity  was  significantly  lower  (p<.005)  in  patients  with  premature 
cardiovascular  disease.  Two  established  risk  factors,  smoking  and  low  HDL- 
cholesterol  were  also  statistically  different  between  the  control  and  CAD 
groups.  However,  multivariant  analysis  revealed  the  reduction  in  activity 
of  ACEH  in  the  CAD  groups  to  be  significant  (p<.005)  and  independent  of  the 
incidence  of  HDL-cholesterol  and  smoking.  In  order  to  confirm  the  presence 
of  low  ACEH  activity,  skin  fibroblasts  were  obtained  from  several  patients 
with  low  mononuclear  cell  ACEH  activity.  Assay  of  ACEH  activity  in  skin 
fibroblasts  was  also  reduced  to  approximately  one  half  the  activity  of  ACEH 
activity  in  control  cells.  These  results  confirmed  the  enzyme  defect  in 
selected  patients  with  premature  CVD.  A  reduction  in  ACEH  activity  would  be 
anticipated  to  play  an  important  role  in  the  atherogenic  process  by  reducing 
cholesterol  ester  hydrolysis  and  decreasing  the  formation  of  free  cholesterol 
subsequently  available  for  removal  from  the  cells.  Based  on  these  results, 
we  have  proposed  that  a  deficiency  in  lysosomal  ACEH  activity  may  represent  a 
new,  independent  risk  factor  for  the  development  of  premature  cardiovascular 
disease. 

One  of  the  other  major  enzymes  involved  in  intracellular  cholesterol  me- 
tabolism is  HMG-CoA  reductse,  the  rate  limiting  enzyme  in  the  pathway  for 
cholesterol  biosynthesis.  During  the  last  several  years  the  factors  involved 
in  the  modulation  of  the  enzymic  activity  of  HMG-CoA  reductase  has  been  ex- 
tensively studied  in  the  Branch.  HMG-CoA  reductase  has  been  isolatd  in  elec- 
trophoretically  homogeneous  form  from  chicken  and  rat  liver.  HMG-CoA  reduc- 
tase was  shown  to  be  present  in  enzymically  active  and  inactive  forms.  De- 
tailed studies  established  that  the  reversible  inactivation  of  HMG-CoA  reduc- 
tase was  due  to  covalent  modification  of  the  enzyme  by  a  reversible  phosphory- 
lation-dephosphorylation  reaction  sequence. 

The  enzyme,  reductase  kinase,  which  catalyzes  the  phosphorylation  of 
HMG-CoA  reductase  has  also  been  purified  to  homogeneity.  Reductase  kinase, 
like  HMG-CoA  reductase,  was  shown  to  undergo  reversible  activation-inactiva- 
tion.  Studies  employing  a  partially  purified  cytosolic  protein  kinase  desig- 
nated reductase  kinase  kinase,  phosphoprotein  phosphatase,  and  [32p]_ATP  have 
established  that  reductase  kinase  undergoes  reversible  phosphorylation- 
dephosphorylation.  These  results  provide  evidence  that  the  in  vitro  enzymic 
activity  of  both  HMG-CoA  reductase  and  reductase  kinase  are  modulated  by  a 
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phosphorylation-dephosphorylation  reaction  sequence.  The  active  form  of 
HMG-CoA  reductase  is  dephosphorylated,  whereas  the  phosphorylated  form  of 
reductase  kinase  is  active. 

The  availability  of  homogeneous  HMG-CoA  reductase  and  reductase  kinase 
permitted  a  detailed  analysis  of  the  in  vitro  phosphorylation  scheme.  Incu- 
bation of  purified  HMG-CoA  reductase  with  purified  reductase  kinase  and  [-^^P]- 
ATP  revealed  a  time  dependent  loss  of  enzymic  activity  and  phosphorylation  of 
HMG-CoA  reductase.  Analysis  of  radiolabeled  HMG-CoA  reductase  revealed  an 
average  of  approximately  4  mol  of  phosphate  incorporated  per  mol  of  tetra- 
meter of  200,000  molecular  weight. 

These  results  established  that  purified  HMG-CoA  reductase  can  be  phos- 
phorylated in  vitro  by  purified  reductase  kinase.  These  studies  are  inter- 
preted to  indicate  that  the  enzymic  activity  of  HMG-CoA  reductase  is  regu- 
lated by  a  bi cyclic  cascade  system. 

The  regulation  of  the  enzymic  activity  of  HMG-CoA  reductase  has  been 
extended  to  an  analysis  of  the  activity  in  vivo.  Rats  were  injected  with 
[32p]  and  hepatic  HMG-CoA  reductase  purified  by  immunoprecipitation  with  a 
monospecific  antibody  to  HMG-CoA  reductase  or  to  homogeneity  by  affinity 
chromatography  on  HMG-CoA.  Detailed  study  of  the  purified  HMG-CoA  reductase 
indicated  that  the  enzyme  undergoes  phosphorylation  in  vivo. 

Modulation  of  the  in  vivo  phosphorylation  of  HMG-CoA  reductase  was  ana- 
lyzed following  glucagon  administration.  Rats  were  injected  with  [-^^P]  and 
glucagon  or  saline,  and  HMG-CoA  reductase  isolated  by  immunoprecipitation  or 
affinity  chromatography  as  outlined  above.  The  administration  of  glucagon 
was  associated  with  a  40  percent  decrease  in  enzymic  activity  of  HMG-CoA  re- 
ductase, a  10  fold  increase  in  hepatic  cyclic  AMP  content,  a  2  fold  increase 
in  [-^^P]  incorporation  into  purified  HMG-CoA  reductase,  and  no  change  in 
hepatic  ATP  specific  activity.  These  studies  are   interpreted  to  indicate 
that  HMG-CoA  reductase  undergoes  phosphorylation  in  vivo,  and  the  degree  of 
phosphorylation  of  HMG-CoA  reductase  may  be  modulated  by  polypeptide  hormones. 
These  combined  results  establish  that  the  phosphorylation-dephosphorylation 
reaction  sequence  of  HMG-CoA  reductase  is  an  important  short-term  mechanisfn 
for  the  modulation  of  cellular  cholesterol  biosynthesis. 

The  synthesis,  transport,  and  catabolism  of  plasma  lipoproteins  continues 
to  be  an  active  area  of  investigation  within  the  Branch.  The  role  of  apo- 
lipoproteins  in  the  metabolism  of  plasma  lipoproteins  continues  to  be  a 
focal  point  of  study  since  the  apolipoprotein  is  the  unique  constituent  of 
the  lipoprotein  particle.  The  physiological  function  of  several  apolipo- 
proteins  has  now  been  established.  Apolipoproteins  are  known  to  serve  as  con 
factors  for  enzymes  (apoC-II  and  lipoprotein  lipase,  apoA-I  and  lecithin 
cholesterol  acyltransferase),  ligands  for  receptor  binding  (apoB  and  apoE), 
and  exchange  proteins  (apoD-cholesterol  ester  exchange).  Of  particular  interest 
are  recent  studies  on  the  newly  recognized  apolipoprotein  constituent  of  tri- 
glyceride rich  lipoproteins,  apoH  {B2-glycoprotein-I).  ApoH  has  been  isolated 
in  homogeneous  form  as  outlined  above,  and  shown  to  be  a  constituent  of  chylo- 
microns and  VLDL.  ApoH  was  shown  to  activate  lipoprotein  lipase  (LPL),  the 
major  enzyme  involved  in  the  hydrolysis  of  triglycerides  of  chylomicrons  and 


VLDL,  ApoH  increased  LPL  activity  by  45  +/-  17  percent  in  the  presence  of 
apoC=II.  ApoC-III  decreased  the  apoH+apoC-II  enhanced  LPL  activity.  These 
results  provide  evidence  that  the  new  apolipoprotein,  apoH,  modulates  the 
enzymic  activity  of  LPL  in  triglyceride  metabolism.  TTie  molar  ratios  of 
apoH,  apoC-II  and  apoC-III  on  triglyceride  rich  lipoprotein  particles  may 
influence  the  ultimate  rate  of  LPL  catalyzed  triglyceride  hydrolysis.  Further 
studies  on  the  role  of  apoH  on  triglyceride  metabolism  are  currently  underway. 

Quantification  of  apolipoproteins  represents  a  major  prerequisite  to  the 
analysis  of  apolipoprotein  concentration  and  metabolism  in  normal  subjects 
and  patients  with  dyslipoproteinemia.  Immunochemical  assays  employing  radial 
immunodiffusion  or  rocket  electrophoresis  have  been  developed  and  tested  for 
several  of  the  apolipoproteins  including  apoA-I,  apoA-II,  apoC-II,  apoC-III, 
and  apoB.  Normal  ranges  and  distribution  within  plasma  density  fractions 
have  been  ascertained.  Quantification  of  apolipoproteins  in  normal  indi- 
viduals and  patients  with  disorders  of  lipid  metabolism  and  atherosclerosis 
are   presently  in  progress. 

The  synthesis,  transport,  and  catabolism  of  plasma  lipoproteins  continue 
to  be  an  active  area  of  investigation  within  the  Branch.  The  site  of  syn- 
thesis of  apolipoproteins  has  become  of  particular  interest,  and  focus  of 
research  has  shifted  from  the  liver  to  also  include  the  intestine.  The 
intestine  has  now  been  recognized  as  a  major  site  of  apolipoprotein  biosyn- 
thesis. We  have  adopted  a  new  technique  employing  the  immunoperoxidase 
procedure  to  analyze  intracellular  apolipoprotein  biosynthesis.  Utilizing 
this  procedure  we  demonstrated  that  normal  human  jejunal  tissue  contains  apo- 
lipoproteins A- I,  A-II,  and  B.  All  three  apolipoproteins  were  shown  to  be 
present  in  intestinal  epithelial  cells  with  the  maximum  staining  present  at 
the  apical  region  of  the  villous.  Intestinal  biopsies  from  patients  with 
Tangiers  disease  were  analyzed  and  shown  to  contain  apoA-I,  apoA-II,  and  apoB. 
These  results  were  consistent  with  data  from  metabolic  studies  which  indicated 
that  patients  with  Tangier  disease  were  able  to  synthesize  apoA-I,  apoA-II, 
and  B.  The  defect  in  this  syndrome  is  not  due  to  defective  synthesis  of  apo- 
lipoproteins A-I  and  A-II,  but  rather  due  to  accelerated  apoA-I  and  apoA-II 
catabolism. 

The  role  of  the  intestine  in  lipoprotein  synthesis  and  transport  has  been 
further  evaluated  by  analysis  of  the  lipid  and  apolipoprotein  transport  in 
thoracic  duct  lymph.  Transport  of  lymph  triglyceride  was  approximately  83 
percent  of  the  daily  ingested  fat  load  while  lymph  cholesterol  transport  was 
consistently  greater  than  the  quantity  of  daily  ingested  cholesterol.  Lymph 
apolipoprotein  transport  exceeded  the  predicted  apolipoprotein  synthesis  rate 
of  both  apoA-I  and  apoA-II.  The  major  quantity  of  lymph  apoA-I  and  apoA-II 
was  present  within  HDL.  Lymph  HDL  particles  are   predominantly  HDL2b>  and 
HDL2a.  They  also  have  a  greater  triglyceride  and  reduced  cholesterol  ester 
content  when  compared  to  homologous  plasma  HDL.  These  combined  results  are 
consistent  with  a  major  contribution  of  the  intestine  to  total  body  synthesis 
of  apoA-I  and  apoA-II.  An  important  role  of  lymph  in  recirculation  of  plasma 
apolipoproteins  and  lipoproteins  is  also  suggested  by  these  studies. 
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The  metabolism  of  apoA-I  and  apoA-II  has  been  of  particular  interest 
recently  due  to  ttie  well  established  epidemiological  data  suggesting  that  HDL- 
cholesterol  is  a  negative  risk  factor  for  the  development  of  premature  cardio- 
vascular disease.  Our  laboratory  has  been  investigating  the  metabolism  of 
apoA-I  and  apoA-II  for  several  years.  Results  from  these  studies  have  indi- 
cated that  apoA-I  and  apoA-II  synthesis  rates  in  normal  females  are  higher 
than  in  their  male  counterparts,  while  fractional  catabolic  rates  are   similar. 
This  increased  synthesis  appears  to  account  for  the  higher  plasma  apoA-I  and 
apoA-II  concentrations  in  females. 

Plasma  apoA-I  and  apoA-II  are  located  principally  within  HDL.  The  density 
fraction  of  HDL  has  been  further  subdivided  into  HDLpb  (1.063-1.010  g/ml), 
HDL2a  (1.010-1.0125  g/ml),  and  HDL3  (1.125-1.21  g/ml).  Kinetic  analysis  of 
plasma  apoA-I  and  apoA-II  have  now  been  interpreted  to  show  that  apoA-I  is 
cleared  from  plasma  more  rapidly  than  apoA-II.  The  factors  involved  in  the 
regulation  of  the  concentration  of  the  individual  subfractions  of  HDL  have 
been  investigated  by  infusion  of  normal  HDL  into  patients  with  Tangier  disease 
who  are   deficient  in  plasma  HDL.  The  half-lives  for  HDL2b>  HDL2a  were  similar 
and  significantly  shorter  than  HDL3.  These  data  were  interpreted  to  indicate 
that  the  metabolism  of  HDL2b  ^^^  ^^^2a  ^^^  ^'^^^   rapid  than  HDL3,  and  that 
plasma  apoA-I  is  cleared  from  plasma  more  rapidly  than  apoA-II. 

The  concentrations  of  plasma  HDL,  and  apolipoproteins  A-I  and  apoA-II 
were  decreased  in  patients  with  phenotypes  I  and  V  and  abetalipoproteinemia. 
Detailed  kinetic  studies  employ  radiolabeled  apoA-I  and  apoA-II  have  shown 
an  increased  rate  of  catabolism  with  no  significant  reduction  in  synthesis 
rates.  Thus  major  changes  in  catabolism  rather  than  synthesis  account  for 
the  reduced  plasma  concentration  of  HDL.  Based  on  the  accumulated  data  from 
radiolabeled  studies  in  normals  and  patients  with  dyslipoproteinemia  a  detailed 
kinetic  model  is  being  developed  on  HDL,  apoA-I,  and  apoA-II  metabolism. 

The  relative  importance  of  HDL-cholesterol  as  a  risk  factor  for  the  devel- 
opment of  premature  cardiovascular  disease  (CVD)  has  prompted  a  detailed  review 
of  the  clinical  course  of  patients  with  Tangier  disease.  The  clinical  fea- 
tures and  CVD  of  all  reported  Tangier  homozygotes  (N=27)  and  Tangier  heterozy- 
gotes  (N=22)  were  reviewed.  No  CVD  was  present  in  subjects  under  35  years  of 
age.  In  subjects  between  35  and  65  years  of  age,  5  of  19  heterozygotes  (26%) 
and  5  of  11  homozygotes  (45%)  had  some  evidence  of  CVD  as  compared  to  4%  or 
less  in  a  normal  population.  The  data  are   consistent  with  the  concept  that 
patients  with  Tangier  disease  may  be  at  increased  risk  for  CVD,  however  that 
risk  is  not  nearly  as  striking  as  that  seen  in  homozygous  familial  hypercholes- 
terolemia. 

Metabolic  studies  on  the  E  apolipoprotein  have  continued  to  be  pursued  in 
the  Branch.  ApoE  is  of  major  importance  in  the  field  of  lipoprotein  metabolism 
because  it  has  been  shown  to  bind  to  the  LDL  receptor,  to  be  elevated  in 
animals  with  experimental  atherosclerosis  and  patients  with  Type  III  hyper- 
lipoproteinemia. ApoE  may  also  play  a  pivotal  role  in  the  uptake  of  lipopro- 
tein remnants  by  the  liver.  ApoE  of  patients  with  Type  III  hyperlipidemia  has 
been  extensively  studied  and  shown  to  be  deficient  in  a  polymorphic  form  of 
apoE,  designated  apoE3,  on  isoelectric  focusing.  To  further  elucidate  the 
importance  of  apoE  in  normal  lipoprotein  metabolism  and  in  patients  with 
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Type  III  hyperlipoproteinemia  we  have  initiated  studies  on  the  metabolism  of 
normal  apoE  (designated  apoE3'^)  and  apoE  from  Type  III  subjects  (designated 
apoE3"). 

ApoE"*"  was  rapidly  metabolized  by  normal  subjects  and  represents  the  fastest 
catabolism  of  any  human  apolipoprotein  studied  thus  far.  ApoEo"*"  was  catabo- 
lized  faster  (p<.05)  than  apoEo"  in  normal  and  Type  III  subjects.  These 
studies  establish  for  the  first  time  an  altered  catabolism  of  a  human  apolipo- 
protein in  man.  These  results  have  been  interpreted  to  indicate  that  the 
apoE3"  protein,  characteristic  of  patients  with  Type  III  phenotype,  is  abnormal 
and  metabolized  at  a  significantly  slower  rate  than  apoEo"*"  isolated  from 
normal  subjects.  This  reduced  catabolism  is  thought  to  be  responsible  for 
the  delayed  catabolism  of  lipoprotein  remnants  and  the  accumulation  of  6  mi- 
grating LDL  lipoproteins  observed  in  Type  III  subjects.  The  abnormality  of 
the  apoEo"  protein  is  as  yet  unknown  but  may  be  related  to  a  structural  defect 
in  the  protein  or  a  defect  in  post-translational  modification  of  apoE3  with 
failure  to  synthesize  apoE3.  These  results,  which  represent  the  first  report 
of  a  defective  human  apolipoprotein,  represents  what  will  undoubtedly  become 
the  first  of  many  reports  in  which  a  dyslipoproteinemia  may  be  ascribed  to  a 
molecular  defect  in  a  plasma  apolipoprotein. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Research  in  our  laboratory  has  focused  on  the  composition  and  metabolism  of 
plasma  lipoproteins  and  apolipoproteins  (apo)  in  normal  and  dyslipoproteinemic 
man.   Over  the  past  12  months  we  have  completed  analysis  of  radiolabeled  apo A- I 
and  apoA-II  studies.   These  proteins  are  major  constituents  of  human  high  densi- 
ty  lipoproteins  (HDL) .   A  preliminary  multicompartmental  model  for  the  metabo- 
lism of  these  proteins  in  man  has  been  developed.   Research  on  the  interaction 
of  radiolabeled  apo A- I  and  apoA-II  with  native  apolipoproteins  and  HDL  has  been 
completed.   Radiolabeled  apoC-II  and  apoC-III?  studies  have  been  completed  in 
normal  subjects.   The  metabolism  of  apoE,  isolated  from  normal  and  dyslipopro- 
teinemic patients  (type  III  and  type  V  hyperlipoproteinemia)  has  been  studied 
in  normal  and  type  III  patients.   ApoC-II,  apoC-IIl2  and  apoE  are  protein  con- 
stituents of  very  low  density  lipoproteins  (VLDL)  and  HDL.   Analysis  of  human 
thoracic  duct  Ijnnph  lipoprotein  and  apolipoprotein  24  output  data  has  been  com- 
pleted, as  have  incubation  studies  with  lymph  chylomicrons  and  lipoprotein 
lipase.   In  addition  the  effects  of  high  cholesterol  and  high  fat  diets  on 
plasma  lipoproteins  in  normal  subjects  has  been  studied. 7/^ 
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Project  Description 
Objectives: 

1)  To  complete  studies  on  apoA-I  and  apoA-II  metabolism  in  normal  and 
dyslipoproteinemic  man. 

2)  To  elucidate  the  interrelationship  between  lymph  lipoproteins  and 
plasma  lipoproteins  in  man. 

3)  To  define  the  plasma  kinetics  of  apoC-III,  apoC-IIl2  and  apoE  in 
normal  and  dyslipoproteinemic  subjects. 

4)  To  determine  the  effects  of  various  diets  and  drugs  on  plasma  lipo- 
protein composition  in  man,  and  to  study  the  clinical  features  of  dyslipo- 
proteinemic patients. 

Methods  Employed: 

Methodology  for  the  isolation,  quantitation,  and  radioiodination  of 
plasma  lipoprotiens  and  apolipoproteins  has  been  previously  described.   Me- 
thodology for  plasma  apolipoprotein  determinations  have  been  developed  by 
other  members  of  our  branch.   We  are  in  the  process  of  re implementing  a 
computerized  record  keeping  system  for  purposes  of  storing  and  analyzing 
clinical  and  lipoprotein  data  on  our  patients. 

Major  Findings: 

1)  Apolipoproteins  A-I  and  A-II  are  the  major  protein  constituents  of 
HDL.   Previous  studies  from  our  laboratory  have  indicated  that  lymph  chylo- 
micron apoA-I  and  apoA-II  can  serve  as  precursors  for  these  constituents 
within  HDL.   Immunologic  studies  on  human  jejunal  mucosa  performed  by  members 
of  our  branch  are  consistent  with  the  concept  that  the  human  intestine  can 
synthesize  both  apoA-I  and  apoA-II.   Analysis  of  24  hour  output  and  lipopro- 
tein distribution  in  human  thoracic  duct  lymph  indicates  that  approximately 
20%  of  apoA-I  and  15%  of  apoA-II  in  lymph  is  found  associated  with  chylomi- 
crons and  VLDL,  with  the  remainder  being  associated  with  lymph  HDL.   We 
estimate  that  the  human  intestine  may  contribute  about  30-70%  of  total  body 
apoA-I  and  apoA-II  sjnithesis.   Newly  synthesized  intestine  apoA-I  and  apoA-II 
appears  to  enter  the  venous  circulation  from  the  lymph  both  on  chylomicrons, 
VLDL,  and  HDL.   In  addition  a  significant  amount  of  the  HDL  found  in  lymph 
appears  to  be  dreived  from  the  plasma.   Therefore  the  human  intestine  appears 
to  play  a  major  role  in  human  apoA-I  and  apoA-II  synthesis. 

2)  When  radiolabeled  human  lymph  chylomicrons  are  incubated  with  lipo- 
protein lipase  in  vitro  in  the  presence  of  albumin,  apoA-I  and  apoA-II  radio- 
activity is  transferred  to  the  HDL  density  region,  apoB  radioactivity  is 
transferred  to  IDL  (density  1.006-1.019  g/ml)  and  LDL  (density  1.019-1.063 
g/ml) ,  and  apoC-II  and  apoC-III  radioactivity  was  transferred  to  IDL,  LDL, 
HDL,  and  the  1.21  g/ml  infranate.   In  these  experiments  over  90%  of  the 
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chylomicron  triglyceride  was  hydrolyzed  to  free  fatty  acid,  and  the  bulk  of 
lymph  chylomicron  cholesterol  and  phospholipid  was  transferred  to  LDL  and 
HDL.   It  should  be  noted  that  lymph  chylomicron  apoB  appears  to  consist  in 
large  measure  in  a  lower  molecular  weight  from  that  found  in  normal  plasma 
LDL.   The  data  are  consistent  with  the  concept  that  chylomicron  degradation 
products  can  contribute  to  LDL  and  HDL  protein  and  lipid  mass. 

3)  In  human  plasma  almost  all  apoA-I  and  apoA-II  is  found  within  the 
HDL  density  region  (1.063-1.21  g/ml) .   This  density  region  has  been  further 
subdivided  into  HDL2b  (1.063-1.10  g/ml),  HDL2a  (1.10-1.125  g/ml)  and  HDL3 
(1.125-1.21  g/ml).   HDL2b  ^nd  HDL2a  have  higher  apoA-I:   apoA-II  ratios  then 
does  HDL3.   Fluctuation  in  HDL  levels  are  largely  due  to  alterations  in  HDL2b 
and  HDL2a.   When  HDL  was  infused  into  a  patient  with  homozygous  familial  HDL 
deficiency  (Tangier  disease),  the  half  lives  for  HDL2b>  ^DL2a>  and  HDL3  were 
0.1,  0.8,  2.7  days  respectively,  and  there  may  have  been  some  conversion  of 
HDL2b  and  HDL2a  to  HDL3.   In  this  study  apoA-I  was  catabolized  at  a  signifi- 
cantly faster  rate  than  apoA-II.   Similarily  in  14  normal  subjects  the  plasma 
residence  time  of  apoA-I  was  significantly  lower  than  that  of  apoA-II.   These 
data  are  consistent  with  the  concept  that  HDL2b  and  HDL2a  are  catabolized  at 
a  more  rapid  rate  than  HDL3,  and  that  apoA-I  is  cleared  from  plasma  more 
rapidly  than  apoA-II. 

4)  Previous  data  from  our  laboratory  indicated  that  estrogen  adminis- 
tration results  in  increased  HDL  protein  synthesis  in  normal  females.   ApoA-I 
and  apoA-II  synthesis  rates  in  normal  females  are  higher  than  in  their  male 
counterparts,  while  fractional  catabolic  rates  are  similar.   Therefore  in- 
creased synthesis  appears  to  account  for  the  higher  plasma  apoA-I  and  apoA-II 
concentrations  in  females  (as  compared  to  males) .   However  within  each  sex 
group,  plasma  apoA-I  and  apoA-II  levels  were  not  correlated  with  synthesis 
rate  but  residence  time.   These  data  suggest  that  estrogens  may  cause  an 
increase  in  the  synthesis  of  apoA-I  and  apoA-II,  and  that  hormonal  influences 
account  for  male-female  differences  with  regard  to  apoA-I  and  apoA-II  plasma 
levels  and  synthesis  rate.   The  data  also  indicate  that  excluding  the  sex 
effect,  alterations  in  the  plasma  level  of  apoA-I  and  apoA-II  may  relate  to 
changes  in  the  fractional  catabolic  rates  of  these  two  proteins  rather  than 
to  their  synthesis  rates. 

5)  Previous  data  from  this  laboratory  indicate  that  patients  with  fa- 
milial HDL  deficiency  (homozygotes  and  heterozygotes) ,  type  I  and  V  hyperlip- 
oproteinemia, and  abetalipoproteinemia  all  have  decreased  apoA-I  and  apoA-II, 
plasma  levels,  and  enhanced  fractional  catabolism  of  these  proteins.   Based 
on  normal  and  patient  kinetic  data,  a  multicompartmental  model  has  been  de- 
veloped for  both  apoA-I  and  apoA-II  metabolism  (see  annual  report  of  Dr. 
Loren  Zech) . 

6)  Utilizing  methodology  and  protocols  previously  developed  in  this 
laboratory,  apoC-II  and  apoC-IIl2  kinetics  were  studied  in  7  normal  subjects, 
and  apoE  kinetics  were  studied  in  9  normals  and  5  type  III  subjects.   The 
mean  residence i time  for  apoC-IIl2  (0.90  days)  was  slightly  faster  than  that 
for  apoC-II  (1.13  days).   ApoE  was  catabolized  at  a  slower  fractional  rate 
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in  type  III  subjects  than  in  normals.   (see  annual  report  of  Dr.  Richard  Gregg). 

7)  Ongoing  diet  studies  over  the  past  year  in  normal  subjects  indicate 
that  use  of  high  cholesterol  (1000  mg/1000  calories/day)  or  high  fat  (64%  fat) 
diets  result  in  little  change  in  plasma  cholesterol,  tr±g;lyceride,  lipoprotein 
triglyceride,  or  apolipoprotein  levels.   The  baseline  diet  in  these  studies 
was  a  16%  protein,  42%  carbohydrate,  42%  fat,  200  mg  cholesterol/1000  calories/ 
day,  normal  polyunsaturated:   saturated  fat  ratio  (0.1-0.3).   However  when  the 
high  cholesterol  and  high  fat  components  were  combined  a  significant  increase 
in  plasma  apoB  and  cholesterol,  and  LDL  cholesterol  levels  were  noted,   These 
data  suggest  that  increased  fat  intake  may  augment  cholesterol  absorption 
resulting  in  alterations  in  LDL. 

8)  The  clinical  manifestations  of  familial  HDL  deficiency  (Tangier 
disease)  have  been  of  increasing  interest  in  view  of  HDL's  putative  role  as  a 
protective  factor  against  atherosclerosis.   The  clinical  features  were 
reviewed  and  coronary  heart  disease  (CHD)  prevalence  assessed  in  27  Tangier 
homozygotes  and  22  Tangier  heterozygotes.   No  CHD  was  found  in  subjects  under 
35  years  of  age.   In  subjects  between  35  and  65  years  of  age,  5  of  19  hetero- 
zygotes (26%)  and  5  of  11  homozygotes  (45%)  had  some  evidence  of  CHD  as 
compared  to  4%  or  less  in  a  normal  population.   The  data  are  consistent  with 
the  concept  that  patients  with  Tangier  disease  may  be  at  increased  risk  for 
CHD,  but  that  this  risk  is  not  nearly  as  striking  as  that  seen  in  homozygous 
familial  hypercholesterolemia. 

9)  Patients  with  type  V  hyperlipoproteinemia  frequently  complain  of  dry 
eyes,  dry  mouth,  and  arthritis.   The  results  of  rheumatologic  testing  in  such 
patients  indicated  that  their  clinical  features  were  consistent  with  the  sicca 
syndrome  but  that  none  had  true  Sjorgen's  disease.   As  of  July  1,  1980 
clinical  and  laboratory  data  in  normal  and  dyslipoproteinemia  subjects  will 

be  placed  on  computer  files,  allowing  for  more  facile  analysis  of  the 
relationship  between  lipoprotein  levels  and  various  disease  states. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

HDL  cholesterol  has  been  shown  to  be  inversely  correlated  with  the 
incidence  of  CHD,  while  LDL  cholesterol  has  been  positively  correlated  with 
CHD.   Factors  regulating  the  concentration  of  LDL  and  HDL  protein  and  lipid 
are  therefore  of  great  interest.   The  data  discussed  above  provide  insights 
into  the  regulation  of  LDL  and  HDL  metabolism,  and  how  these  lipoproteins  may 
relate  to  atherosclerosis. 

Proposed  Course: 

Continuing  objectives  include  study  of  apolipoprotein  metabolism  (apoA-I, 
apoA-II,  apoB,  apoC-I,  apoC-II,  apoC-III,  apoE)  in  normal  and  dyslipoprotein- 
emic  subjects.   These  studies  are  of  fundamental  importance  in  our  under- 
standing of  lipid  transport  and  metabolism  in  normal  individuals,  and  in 
patients  with  disorders  of  lipid  metabolism  and  atherosclerosis.   In  addition 
we  plan  to  study  patterns  of  inheritance  and  clinical  features  in  dyslipopro- 
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teinemic  patients,  and  modalities  (diet  and  drug)  whereby  such  patients  can 
best  be  treated. 

Publications: 

1.   Chu,  F.  C,  Kuwabara  T.,  Cogan,  P.  G.,  Schaefer,  E.  J.,  Brewer,  H. 
B.,  Jr.:   Ocular  manifestations  in  familial  high  density  lipoprotein 
deficiency  (Tangier  disease).   Arch.  Opthalmol.  97:   1926-1928,  1979. 


Brewer,  H.  B.,  Jr.,  Schaefer,  E. 
A,:   High  density  lipoproteins: 
Density  Lipoprotein  Workshop,  K. 
1661,  p.  29-41,  1979. 


J.,  Osborne,  J.  C,  Jr.,  Zech,  L. 
an  overview  in  Report  on  the  High 
Lippel  Ed.,  U.  S.  PHEW  NIH  Publ.  79- 


Brewer,  H.  B.,  Jr.,  Schaefer,  E.  J.,  Zech,  L.  A.,  Osborne,  J.  C,  Jr. 
Human  plasma  lipoproteins:   structure,  function  and  metabolism  in 
Lipoproteins  and  Coronary  Heart  Disease.  Ed.  H.  Greten,  P.  0.  Lang, 
G.  Schettler,  Verlay  G.  Witzstrock,  p.  7-16,  1979. 

Reinertsen,  J.  E.,  Schaefer,  E.  J.,  Brewer,  H.  B.,  Jr.,  Moutsopoulos, 
H.:   Sicca  sjnidrome  in  type  V  hyperlipoproteinemia.   Arthritis  and 
Rheumatism  23:   114-118,  1980. 

Brewer,  H.  B.,  Jr.,  Schaefer,  E.  J.,  Zech,  L.  A.,  Bronzert,  T.  B.: 
Tangier  disease  in  Atherosclerosis  V,  Proceedings  of  the  5th  Inter- 
national Symposium.   G.  Schettler,  A.  Gotto  (eds)  Springer-Verlag, 
pp.  680-683,  1980. 

Schaefer,  E.  J.,  Zech,  L.  A.,  Schwartz,  D.  S.,  Brewer,  H.  B.,  Jr.: 
Coronary  heart  disease  prevalence  and  other  clinical  features  in 
familial  high  density  lipoprotein  deficiency  (Tangier  disease) , 
Ann.  Int.  Med.,  1980  (In  press). 

Ernst,  N.  D. ,  Fisher,  M.,  Bowen,  P.,  Schaefer,  E.  J.,  Levy,  R.  I.: 
Changes  in  lipids  and  lipoproteins  resulting  from  a  modified  fat 
diet.   Lancet,  1980  (In  press). 

Nakaya,  Y.,  Schaefer,  E.  J.,  Brewer,  H.  B.,  Jr.:   Activation  of 
human  post  heparin  lipoprotein  lipase  by  apolipoprotein  H  (B-2 
glycoprotein-I)  Biochem.  Biophys.  Res.  Comm. ,  1980  (In  press) . 

Schaefer,  E.  J.,  Anderson,  D.  W. ,  Zech,  L.  A.,  Lindgren,  F.  T., 
Bronzert,  T.  J,,  Rubalcaba,  E.  A.,  Brewer,  H.  B.,  Jr.:   The  metabo- 
lism of  high' 'density  lipoprotein  subtractions  and  constituents  in 
Tangier  disease  following  the  infusion  of  high  density  lipoproteins, 
J.  Lipid  Res. ,  1980  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

ApoE  have  been  isolated  in  electrophoretically  homogeneous  form  from  normal 
subjects  and  patients  with  Type  III  and  V  hyperlipidemia.   ApoE  from  Type  III 
patients  was  missing  the  E3  isoform  on  isoelectric  focusing,  however  on  2 
dimensional  electrophoresis  the  entire  protein  appeared  shifted  in  pi.   ApoE  fron 
all  sources  had  identical  amino  acid  compositions,  however  metabolic  studies  have 
shown  that  Type  HIE  was  functionally  abnormal  when  compared  to  normal  apoE. 

ApoH  has  been  isolated  to  electrophoretic  homogeneity  from  lipoproteins  of 
thoracic  duct  lymph  and  the  chylo-VLDL  fraction  (d<1.006  g/ml)  of  normal  and  Type 
V  subjects.   ApoH  was  shown  to  be  structural  identical  to  g2-glycoprotein-I . 
ApoH  was  shown  to  activated  post  heparin  lipoprotein  lipase,  and  is  proposed  to 
have  an  important  role  in  triglyceride  metabolism. 

ApoB  has  been  recognized  to  exist  in  man  in  two  distinct  eletrophoretic  forms 

varying  in  apparent  molecular  weight  on  SDS  gel  electrophoresis.   The  larger  and 

smaller  apoB  have  been  proposed  to  be  of  liver  and  intestinal  origin  respectively 
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Project  Description 
Objective: 

1)  Isolation  and  characterization  of  apoE. 

The  methods  for  the  isolation  of  plasma  apolipoproteins  have  been  de- 
tailed in  previous  reports.   The  overall  objective  of  these  procedures  has 
been  the  development  of  affinity  chromatographic  techniques  for  the  Isolation 
of  apo-lipoproteins  since  these  methods  are  rapid  and  have  a  relative  high 
yield.   ApoE  has  been  purified  to  homogeneity  from  normal  subjects  and 
patients  with  phenotypes  III  and  V.   ApoE  was  isolated  from  plasma  lipo- 
proteins (d<1.006  g/ml)  by  heparin  affinity  chromatography  followed  by 
fractionation  on  Sephacryl  S-200. 

Major  Findings : 

ApoE  obtained  from  the  d<1.006  g/ml  density  fraction  contained  3  major 
bands  on  isoelectric  focusing.   Patients  with  Type  III  hyperlipidemia  were 
missing  the  apoE3  band  on  one  dimensional  isoelectric  focusing. 

ApoE  isolated  by  affinity  and  gel  permeation  chromatography  was  electro- 
phoretic  homogeneous  on  SDS  gel  electrophoresis.   The  apparent  molecular 
weight  by  SDS  gel  electrophoresis  was  32-34,000.   ApoE  dimers  and  apoE-A-II 
were  also  isolated.   Isoelectric  focusing  of  apoE  from  normal  and  patients 
with  Type  V  hyperlipidemia  were  identical  and  revealed  3  major  bands. 

Of  particular  interest  was  the  apoE  isolated  from  patients  with  Type  III 
hyperlipoproteinemia.   ApoE  isolated  by  these  techniques  was  deficient  in 
apoEo  on  isoelectric  focusing.   On  2  dimensional  electrophoresis  (isoelectric 
focusing  X  SDS  gel  electrophoresis)  Type  III  apoE  appeared  shifted  with  all 
major  polymorphic  forms  visualized.   The  amino  acid  analysis  of  normal.  Type 
V  and  Type  III  apoE  were  v-rtually  identical. 

These  combined  results  were  interpreted  to  indicate  that  apoE  isolated 
from  patients  with  Type  III  was  electrophoretically  different  from  that  of 
patients  with  Type  V  hyperlipidemia  and  normal  subjects.   The  reason  for  the 
difference  is  as  yet  imknown  and  maybe  either  a  difference  in  primary  structure 
of  the  protein  or  a  change  in  the  post  translational  modification  of  the 
protein.   Of  particular  interest  were  the  metabolic  studies  carried  out  with 
normal.  Type  III,  and  Type  V  apoE.   These  studies  established  for  the  first 
time  a  functional  defect  in  a  plasma  apolipoprotein  (see  annual  report  of 
Dr.  Richard  Gregg) . 

Objective: 

2)  Isolation  and  characterization  of  apoH. 
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Methods  Employed: 

ApoH  was  isolated  from  human  thoracic  duct  lymph  and  from  lipoproteins 
of  density  <  1.006  g/ml  of  normal  subjects  and  patients  with  Type  V  hyperlipi- 
demia.   ApoH  was  purified  by  heparin  affinity  chromatography  followed  by 
Sephacyl  S-200  gel  permeation  chromatography. 

Major  Findings: 

ApoH  was  isolated  in  electrophoretically  homogeneous  form  from  human 
thoracic  duct  lymph  and  chylo-VLDL  lipoproteins  of  normal  and  patients  with 
Type  V  hyperlipoproteinemia.   The  apolipoprotein  was  a  single  band  on  SDS 
gel  electrophoresis  with  an  apparent  molecular  weight  of  approximately  50,000. 
The  amino  acid  analysis  of  apoH  was  similar  from  all  sources.   Detailed  char- 
acterization revealed  that  the  new  apolipoprotein  was  different  from  any 
previously  characterized  apolipoprotein. 

Antibodies  prepared  against  apoH  and  the  amino  acid  analysis  of  apoH 
revealed  that  the  apolipoprotein  was  identical  to  32~glycoprotein-I.   ^2" 
glycoprotein-1  was  one  of  several  glycoproteins  initially  characterized  in 
the  1950 's  as  glycoprotein  constituents  of  human  plasma. 

Of  major  importance  was  the  finding  that  32-glycoprotein-I  activated 
lipoprotein  lipase.   The  activation  of  lipoprotein  lipase  was  maximal  in  the 
presence  of  apoC-II  (see  annual  report  of  Dr.  Yoko  Nakaya)  .   Since  ^■2~ 
glycoprotein-I  had  an  affinity  for  lipid,  was  isolated  on  lymph  and  plasma, 
and  activated  lipoprotein  lipase  B2^Slycoprotein~I  for  convenience  and  in 
accord  with  the  alphabetized  nomenclature  was  designated  apoH, 

Objective: 


3)   Isolation  and  characterization  of  apolipoprotein  B  from  plasma  and 
thoracic  duct  lymph. 

Methods  Employed: 

It  has  recently  been  recognized  that  two  apoB  proteins  designated  apoBj^ 
(large)  and  apoBg  (small)  can  be  visualized  on  SDS  gels  of  plasma  and  lymph 
lipoproteins  of  density  <  1.006  g/ml.   These  two  apolipoproteins  are  presumed 
to  be  two  forms  of  apoB  since  they  have  been  reported  in  the  rat  to  show 
immunocross  reactivity  and  to  have  a  similar  amino  acid  composition. 

Major  Findings: 

Antibodies  to  apoBL  and  apoBg  have  been  prepared  from  apolipoproteins 
fractionated  on  SDS  gel  electrophoresis.   Antibodies  were  prepared  from  a 
protein-gel  admixture  in  both  rabbits  and  goats.   Monospecific  antibodies  to 
apoBL  and  apoBg  have  been  prepared  from  the  human  apoB  proteins.   A  detailed 
characterization  of  apoBL  and  apoBg  including  molecular  weight,  amino  acid 
composition,  and  distribution  within  plasma  and  lymph  lipoproteins  is  underway. 
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Objective; 

4)  Development  of  Improved  techniques  for  the  automated  sequence 
analysis  of  peptides  and  proteins. 

Methods  Employed; 

Modifications  of  the  Beckman  890D  sequencer  have  been  continued  and 
Included  the  use  of  a  large  reaction  cup  and  cold  trap.   The  details  of  the 
modifications  and  the  preliminary  results  are  Included  In  last  years  report. 

Major  Findings: 

The  large  reaction  cup  with  a  75  percent  Increase  In  surface  area  and  the 
addition  of  the  cold  trap  have  significantly  Improved  the  repetitive  yield  and 
decreased  the  nonspecific  cleavage  of  protein  and  peptides  degraded  on  the 
modified  sequencer.   Sequence  analysis  of  several  peptides  and  proteins 
including  sperm  whale  myoglobin,  insulin,  and  parathyroid  hormone  have 
definitively  demonstrated  improved  yield  as  well  as  PTH  derivatives  with  less 
ambiguity  on  analysis.   These  two  modifications  have  become  available  as 
accessory  units  for  the  Sequencer  by  Beckman  Instruments  Company,  Palo  Alto, 
California. 

Objective: 

5)  Identification  of  Phenylthiohydantoin  (PTH)  amino  acids  obtained 
during  the  automated  degradation  of  peptides  and  proteins. 

Methods: 


Flnnigan  quadripole  mass  spectrometer  equipped  with  PDP/8  computer. 

Major  Findings; 

During  the  last  several  years  we  have  been  Involved  in  the  analysis  of 
PTH  amino  acids  by  mass  spectrometry.   Extensive  experience  with  this  method 
has  now  permitted  a  detailed  compilation  of  major  ions  as  well  as  fragmentary 
ions  which  are  associated  with  each  PTH  amino  acid.   This  method  has  been 
uniquely  suited  to  the  identification  of  serine,  threonine,  glutamine,  and 
asparagine.   The  mass  spectrometric  method  is  also  the  most  sensitive  as  well 
as  the  fastest  (<  2  minutes  per  PTH  derivative)  technique  currently  available 
for  PTH  analysis.   The  major  ions  used  for  this  analysis  have  now  been 
compiled  for  use  by  other  Investigators  Involved  in  protein  structural 
analysis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  isolation,  characterization,  and  sequence  analysis  of  the  human 
plasma  apolipoproteins  is  an  ongoing  program  designed  to  ultimately  understand 
the  physiological  role  and  molecular  mechanisms  Involved  in  the  synthesis. 
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transport,  and  metabolism  of  plasma  lipoproteins  in  normal  individuals  and 
patients  with  disorders  of  lipid  transport  and  atherosclerosis. 

Proposed  Course: 

The  isolation,  characterization,  and  structural  analysis  of  plasma  apo- 
lipoprotelns  within  human  thoracic  duct  lymph  and  plasma  will  be  continued. 
Major  emphasis  will  be  continued  on  apolipoproteins  C-II,  D,  H,  and  E.   The 
ultimate  understanding  of  the  molecular  defect  in  apoE  in  type  III  patients 
will  be  of  major  importance  in  our  understanding  of  the  role  of  apoE  in  lipid 
metabolism.   The  identification  of  apoH  as  a  cofactor  in  the  modulation  of  the 
enz3rmic  activity  of  lipoprotein  lipase  will  provide  new  insights  into  the 
regulation  of  triglyceride  metabolism.   The  continued  elucidation  of  the 
structure  and  function  of  plasma  apolipoproteins  will  be  a  prerequisite  to  our 
ultimate  understanding  of  the  molecular  mechanisms  involved  in  lipid  transport 
and  metabolism. 

Publications; 

1.  Osborne,  J.  C,  Jr.,  Brewer,  H.  B.,  Jr.:   Solution  properties  of  the 
plasma  apolipoproteins.   Annals  of  the  New  York  Academy  of  Science, 
(In  press) . 

2.  Brewer,  H.  B. ,  Jr.,  Schaefer,  E.  J.,  Zech,  L.  A.,  Osborne,  J.  C,  Jr: 
Human  plasma  lipoproteins:   Structure,  function,  and  metabolism  in 
lipoproteins  and  coronary  heart  disease,  H.  Greten,  P.  D.  Lang  and  G. 
Schettlei;  editors,  Gerhard  Witzstrock  Publishing  House,  New  York, 
1980,  pp.  7-15.. 

3.  Brewer,  H.  B.,  Jr.,  Schaefer,  E.  J.,  Osborne,  J.  C.,  Jr.,  Zech,  L.A. : 
High  density  lipoproteins:   An  overview.   NIH  Publication  No.  79- 
1661,  pp.  29-41,  1979. 

4.  Brewer,  H.  B.  Jr.,  Schaefer,  E.  J.,  Zech,  L.  A.,  Bronzert,  T.  B.: 
Tangier  disease  in  atherosclerosis  V,  Proceedings  of  the  5th  Inter- 
national Symposium,  G.  Schettler,  A.  Gotto  (editors)  Springer-Verlag, 
pp.  680-683,  1980. 

5.  Fairwell,  T. ,  Brewer,  H.  B.,  Jr.:   The  chemical  ionization  mass 
spectrometric  analysis  of  phenylthiohydantoin  and  2-anilino-5-thio- 
zolinone  amino  acid  acids  obtained  from  the  Edman  Degradation  of 
Proteins  and  Peptides,  Anal.  Biochem.  (In  press). 

6.  Fairwell,  T.,  Brewer,  H.  B.,  Jr.:   Automated  edman  degradations: 
Studies  with  a  large  sequencer  cup  and  high  speed  drive.   Anal. 
Biochem.   99:  242-248,  1979 
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7.  Jomvall,  H.,  Falrwell,  T.,  Kratofil,  P,  Wills,  C:   Differences  in 
a-amino  acetylation  of  isozymes  of  yeast  alcohol  dehydrogenase, 
FEBS  Letters,  ill:  214-214,  1979 

8.  Higgins,  W. ,  Mills,  E.  W.,  Fairwell,  T.:   Location  of  three  active 
site  residues  in  the  NH2-terminal  sequence  of  the  32  subunit  of 
tryptophan  synthase  from  E.  Coll,  J.  Biol.  Chem. ,  255:   512-517,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


These  projects  are  directed  towards  a  greater  understanding  of  the  quaternary 


organization  of  plasma  lipoproteins  and  of  the  function  of  the  oligomeric  specie 
involved  in  the  transport  and  metabolism  of  lipids  in  plasma.   The  apolipoproteir 
composition  of  plasma  lipoproteins  is  viewed  as  the  governing  factor  in  directing' 
lipoprotein  metabolism.   Specificity  is  believed  to  be  related  directly  to  apo- 
lipoprotien  secondary,  tertiary  and  quaternary  structure   " 


— . s_-  : -  ---  -1 — ■•.--■.u^.-j    .ju.i-vj._i.iajn:;.   Studlcs  of  the  hydro- 

dynamic  properties  of  "lipid  free"  apolipoproteins,  have  been  extended  to  include 
nitrated,  sulfenylated  and  iodinated  apolipoproteins  in  order  to  screen  modifica 
tion  techniques  commonly  used  for  investigating  lipoprotein  metabolism.   Analysi 
of  the  molecular  properties  of  the  specific  self-associated  and  mixed-associated 
oligomeric  apolipoprotein  complexes  (modified  and  native)  are  of  major  importance 
to  our  ultimate  understanding  of  plasma  lipoprotein  metabolism 
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Project  Description 

Objective: 

1)   Evaluation  of  the  Mechanism  of  VLDL-HDL  exchange  of  the  C-apolipo- 
proteins  and  the  role  of  these  apolipoprotelns  in  the  quaternary  structure  of 
VLDL  and  HDL. 

In  previous  reports  we  have  delineated  the  framework  used  in  our  labora- 
tory to  facilitate  discussion  of  the  role  of  apolipoprotelns  in  the  quater- 
nary organization  of  plasma  lipoproteins.   Briefly,  the  apolipoprotein  compo- 
sition of  plasma  lipoproteins  is  governed  through  the  laws  of  mass  action  by 
the  affinity  of  specific  apolipoprotein  and/or  lipoprotein  species  for  differ- 
ent lipoprotein  particles.   With  metabolism  the  lipoprotein  particles  are 
modified  covalently,  changing  their  affinity  for  specific  apolipoprotein  and/ 
or  lipoprotein  complexes,  which  results  in  a  redistribution  of  apolipoprotelns. 
The  role  that  lipid-free  species  play  in  these  exchange /transfer  processes 
is  not  known.   In  order  to  quantitate  these  interactions  we  have  imdertaken  a 
systematic  investigation  of  the  solution  properties  of  apolipoprotelns. 
Previous  reports  have  stressed  the  self-association  of  apolipoprotelns  in 
aqueous  solution  with  particular  emphasis  on  the  major  conformational  changes 
that  are  concomitant  with  association.   Apolipoprotelns  also  undergo  specific 
mixed-associations  with  other  apolipoprotelns.   The  analysis  of  mixed-associ- 
ations between  two  self-associating  proteins  is  simplified  greatly  if  the 
spectral  properties  of  the  two  apolipoprotelns  are  different  from  one  another. 
We  have  described  previously  our  studies  using  modified  apoA-II  (the  tyrosine 
residues  were  mono-nitrated  with  tetranitromethane) .   Studies  with  this  probe 
were  most  consistent  with  the  formation  of  the  following  mixed  oligomers  in 
aqueous  solution: 

apoA-II  :  apoA-I,  1:1  and  2:2 
apoA-II  :  apoC-I,  2:4 

Over  the  past  year  we  have  investigated  the  interaction  between  apoC-I 
and  apoA-lI  using  modified  apoC-I, 

Methods  Employed: 

Secondary  structure,  i.e.,  a-helical,  3-pleated  sheet,  and  random  con- 
figurations, was  investigated  by  using  a  Gary  model  61  spectropolarimeter. 
Tertiary  structure,  i.e.,  the  mode  of  intramolecular  folding,  was  investigated 
by  monitoring  changes  in  the  fluorescence  and  absorption  properties  on  a 
Perkin-Elmer  Model  MPF-4  fluorescence  spectrophotometer  and  a  Beckman  Acta  3 
spectrophotometer.   Quaternary  structure,  i.e.,  intermolecular  protein  inter- 
action, was  studied  by  molecular  weight  measurements  with  a  Spinco  Model  E 
ultracentrifuge  and  a  Chromatrix  Laser  Light  Scattering  Photometer.   Calcu- 
lations and  least  square  fits  of  the  data  to  various  models  were  performed 
with  the  MLAB  program  on  the  DEC  system  10  computer  at  NIH. 
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Major  Findings: 

The  mixed-association  between  apoA-II  and  apoC-I  was  evaluated  using 
native  apoA-II  and  labeled  apoC-I.   Since  apoC-I  contains  no  tyrosine  and 
only  one  tryptophan  residue  we  have  modified  this  apolipoprotein  by  sulfenyl- 
ation  with  sulfenyl  chloride.   As  was  found  previously  for  nitrated  apoA-II, 
the  molecular  properties  of  sulfenylated  apoC-I  (s-apoC-I)  were  quite  similar 
to  the  native  species  except  that  the  absorption  spectrum  was  "red  shifted" 
well  above  300  nm  with  a  maximum  at  365  nm.   Both  native  and  sulfenylated 
apoC-I  self-associate  according  to  a  monomer-dime r-tetramer  scheme,  both 
undergo  indistinguishable  major  conformational  changes  that  are  concomitant 
with  association  and  both  cross  react  equally  with  antibodies  prepared  against 
unmodified  apoC-I. 


The  distribution  at  equilibrium  of  s-apoC-I,  in  the  model  E  ultracentri- 
fuge,  in  the  presence  and  absence  of  apoA-II  was  obtained  by  absorbancy 
measurements  at  365  nm.   Since  only  those  species  containing  s-apoC-I  con- 
tribute to  the  data  at  365  nm  the  equation  describing  the  equilibrium  reduces 
to: 

AM      ?   2 
C(r)  =  Coi(m)  e   01   01  (r  -m  ) 

2  2 

+  KQ2(m)  CQ^(m)2  e^^  e  ^02  ^02  ^"^   "^  ^ 

+  ^04^"^^  Sl^"^^^  "Ol  ^  ^04  ^02  ^^^-"'^^ 

+  ^   V  V    .  ^  .   .  ^i  .   .  ^i     ^01  "oi 
t        ^  K    (m)  C   (m)   C   (m) 

1=1  j=l   ^ 


IM   +  iM 
10   ^01 


X  e  \j  \j  (^^-"^'> 


(1) 


As  was  found  for  nitrated  apoA-II  and  native  apoC-I,  summarized  above,  a 
simultaneous  analysis  of  data  obtained  at  280  nm  at  365  nm  was  most  consistent 
with  a  single  mixed  oligomer  containing  2c.molecules  of  apoA-II  and  4  molecules 
of  s-apoC-I  with  K^^  =  22,977  +  50  (1/gm)  . 

With  a  knowledge  of  the  stoichiometry  of  the  mixed  interaction,  we 
analyzed  the  profiles  obtained  with  several  different  mixtures  of  native  apo- 
A-II and  apoC-I  according  to  basic  equations.   The  resulting  value  of  K„,  was 
31,248  +  890  (1/gm)^.   These  combined  data  demonstrate  experimentally  that 
apoA-II  and  apoC-I  apecifically  interact  in  aqueous  solution  to  form  a  mixed 
oligomer  containing  two  molecules  of  apoA-II  and  four  molecules  of  apoC-I. 

Objective: 

2)   Evaluation  of  the  effect  of  pressure  on  the  molecular  properties  of 
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apolipoproteins,  lipoproteins  and  lipoprotein  particles. 

The  effects  of  pressure  on  interacting  systems  depends  upon  the  change 
in  molar  volume  and  is  detected  most  easily  in  systems  where  there  is  a  large 
change  in  molecular  weight  and/or  the  degree  of  exposure  of  nonpolar  groups 
to  solvent.   In  previous  reports  we  have  summarized  the  effects  of  pressure 
on  apoA-I,  apoA-II  and  apoC-I.   Each  of  these  apolipoproteins  self-associates 
with  major  concomitant  changes  in  secondary  structure.   ApoA-I  self-associates 
according  to  a  monomer-dimer-tetramer-octamer  scheme.   Therefore  the  molecular 
weight  of  the  largest  oligomer  in  solution  is  224,128  and  the  effects  of 
pressure  on  this  system  are  demonstrated  readily  in  the  model  E  ultracentri- 
fuge  by  monitoring  the  effects  of  rotor  speed  on  the  computed  weight  average 
molecular  weight.   The  volume  change  for  this  system  obtained  from  sedimen- 
tation equilibrium  measurements  is  12,327  ml/mole.   The  association  scheme 
for  apoA-II  is  monomer-dimer,  and  the  molecular  weight  of  the  highest  oligomer 
in  solution  is  34,760.   Although  the  effects  of  rotor  speed  on  the  weight 
average  molecular  weight  of  apoA-Il  are  not  as  dramatic  as  those  found  for 
apoA-I,  we  were  able  to  calculate  a  molar  volume  change  upon  dimerization  of 
348  ml/mole  from  sedimentation  equilibrium  measurements.   The  effects  of  rotor 
speed  on  the  weight  average  molecular  weight  of  apoC-I  were  summarized  in  the 
last  report.  At  that  time  we  could  not  differentiate  between  monomer-dimer- 
trimer  and  monomer-dimer-tetramer  association  schemes  for  this  system.   The 
estimated  volume  change  for  this  system  was  0.032  ml/gra.   Over  the  past  year 
we  have  extended  our  investigations  of  this  system  in  order  to  differentiate 
between  monomer-dimer-trimer  and  monomer-dimer-tetramer  association  schemes 
for  this  system  and  to  refine  our  estimates  of  the  molar  volume  change  upon 
oligomer  formation. 

Methods  Employed: 

Secondary  structure,  i.e.,  a-helical,  g-pleated  sheet,  and  random  con- 
figurations, was  investigated  by  using  a  Gary  model  61  spectropolarimeter. 
Tertiary  structure,  i.e.,  the  mode  of  intramolecular  folding,  was  investigated 
by  monitoring  changes  in  the  fluorescence  and  absorption  properties  on  a 
Perkin-Elmer  Model  MPF-4  fluorescence  spectrophotometer  and  a  Beckman  Acta  3 
spectrophotometer.   Quaternary  structure,  i.e.,  intermolecular  protein  inter- 
action, was  studied  by  molecular  weight  measurements  with  a  Spinco  Model  E 
ultracentrifuge  and  a  Chromatrix  Laser  Light  Scattering  Photometer.   Calcu- 
lations and  least  square  fits  of  the  data  to  various  models  were  performed 
with  the  MLAB  program  on  the  DEC  system  10  computer  at  NIH. 

Major  Findings: 

In  order  to  distinguish  between  monomer-dimer-trimer  and  monomer-dimer- 
tetramer  association  schemes  for  apoC-I,  data  must  be  obtained  under  con^ 
ditions  favoring  the  oligomer  species.   For  ideal  systems  in  which  there  is  a 
positive  volume  change  upon  association  these  conditions  are: 

1)   High  total  protein  concentration  which  favors  the  oligomeric  species 
through  the  laws  of  mass  action. 
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2)   Low  rotor  speed,  in  order  to  obtain  data  at  low  pressures  which 
should  favor  the  species  with  the  larger  partial  specific  volimie. 

Data  were  obtained  at  rotor  speeds  of  15,000,  20,000,  26,000  and  44,000 
Rpm  (15,000  is  the  lower  limit  of  rotor  speeds  that  can  be  employed  reproduca- 
bly  for  these  low  molecular  weights)  at  initial  concentrations  varying  from 
0.2  to  3.15  mg/ml.   The  higher  concentrations  were  analyzed  by  absorbancy 
measurements  at  310  nm.   Molecular  weights  were  obtained  for  protein  concen- 
trations as  high  as  8  mg/ml  using  this  technique.   Two  important  features  of 
the  apoC-I  systems  emerged  from  an  analysis  of  these  data.   First,  the  weight 
average  molecular  weight  at  the  highest  protein  concentrations  examined 
exceeded  that  of  a  trimer  of  apoC-I.   This  was  especially  evident  if  one 
takes  into  account  that  the  weight  average  molecular  weight  obtained  depends 
upon  the  value  of  the  partial  specific  volumes  used  in  the  calculations.   If 
the  partial  specific  volume  of  the  oligomer  is  taken  to  be  0.775  ml/gm,  the 
value  obtained  from  a  statistical  analysis  of  the  effect  of  rotor  speed  on 
the  weight  average  molecular  weight  of  apoC-I,  then  the  highest  molecular 
weight  obtained,  25,255  approaches  that  of  tetrameric  apoC-I,  26,520  and  is 
much  higher  than  trimeric  apoC-I,  19,890.   Thus  over  a  larger  concentration 
range,  the  monomer-dimer-tetramer  association  scheme  is  the  only  model  tested 
that  was  consistent  with  the  experimental  data.   The  second  feature  of  the 
data  was  that  the  weight  average  molecular  weight  obtained  at  a  given  concen- 
tration of  protein  decreased  with  increasing  initial  concentration  of  protein. 
This  result  was  opposite  to  that  expected  for  an  ideal  self-associating 
system  where  the  partial  specific  volume  of  the  oligomers  is  higher  than  that 
of  the  corresponding  protomers. 

Combining  all  data,  the  weight  average  molecular  weight  of  apoC-I: 

1)  Decreases  with  increasing  rotor  speed. 

2)  Decreases  with  decreasing  column  height. 

3)  Decreases  with  increasing  initial  concentration  of  protein. 

The  first  effect  can  be  accounted  for  by  postulating  that  the  oligomers 
of  apoC-I  have  a  larger  partial  specific  volume  than  the  corresponding  proto- 
mers.  The  latter  two  effects  seem  to  be  related  to  the  concentration  of  pro- 
tein at  the  meniscus  of  the  cell.   The  data  were  analyzed  therefore  according 
to  the  following  equation: 

AM    2   2 
C  =  C,  el  0  (r  -m  )  +  PC, 
Im  Im 

+  K  ,(m)C,  2^2A^0  (^^-"1^) 
Iz    im 

+  KT,(m)C,4e4A„M-  ,2   2. 
14    Im*^   2  0  (r  -m  ) 

The  value  of  P,  which  is  related  to  the  affinity  of  apoC-I  for  an  air 
water  interface  was  19.4  +  0.4  1/gm  and  the  equilibrium  constants  at  atmos- 
pheric pressure  for  dimer  and  tetramer  formation  were  17.3  +  2.4  1/gm  and 
1386  +  192  (1/gm) 3  respectively. 
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Objective: 

3)   Evaluation  of  the  role  of  apolipoproteins  in  the  quaternary 
organization  of  HDL. 

The  interaction  between  apolipoproteins  and  phospholipids  in  plasma 
lipoproteins  has  been  the  subject  of  numerous  investigations  over  the  past 
decade.   Currently  the  most  widely  discussed  and  accepted  model  for  this 
interaction  involves  the  formation  of  amphipathic  helical  regions  in  the 
"lipid  binding"  portions  of  apolipoproteins.   An  amphipathic  helix  is  defined 
most  frequently  as  an  a-helix  in  which  there  is  a  clear  separation  and 
partitioning  of  polar  and  non-polar  residues  such  that  the  resulting 
polypeptide  has  a  hydrophilic  and  hydrophobic  surface.   In  this  model  the 
apolipoprotein  in  the  lipid  complex  has  very  little,  if  any,  tertiary  and 
quaternary  structure  and  the  amphipathic  helicies  are  oriented  such  that 
the  nonpolar  "face"  interacts  with  non-polar  side  chains  of  the  phospholipid 
micelles.   The  experimental  evidence  commonly  used  to  stress  the  importance 
of  amphipathic  helicies  in  the  interaction  between  apolipoproteins  and  lipids 
follows  two  lines:   (1)   the  amino  acid  sequence  of  several  apolipoproteins 
is  such  that  amphipathic  helical  segments  can  be  formed,  using  appropriate 
models,  in  portions  of  the  polypeptide  chains  and  (2)   the  secondary  structure 
of  apolipoprotiens  increases,  primarily  in  a-helical  content,  upon  interaction 
with  lipid.   The  fact  that  amphipathic  helicies  can  be  formed  given  the  amino 
acid  sequences  of  apolipoproteins  is  suggestive,  but  not  unique  to  apolipo- 
proteins; large  portions  of  proteins  such  as  myoglobin  and  glucagon,  which 
are  not  integral  components  of  plasma  lipoproteins,  can  also  be  modeled 
theoretically  into  amphipathic  helicies.   Thus  the  amphipathic  helical  model 
of  lipid-apolipoprotein  interactions  rests  primarily  on  the  increases  in  a- 
helical  content  in  the  presence  of  lipid.   Unfortunately,  these  types  of 
structural  changes  in  apolipoproteins  are  not  unique  to  lipids.   We  have 
summarized  in  previous  reports  our  studies  concerning  the  sensitivity  of  the 
secondary  structure  of  apoA-I,  apoA-II,  and  apoC-I  to  the  presence  of  other 
ligands,  such  as  inorganic  phosphate.   More  importantly,  the  major  structural 
changes  that  are  concomitant  with  the  self-association  of  these  apolipoproteins 
makes  it  difficult  to  evaluate  quantitatively  the  role  of  amphipathic  helicies 
in  lipid  binding.   In  the  past  year  we  have  extended  our  studies  to  include 
the  effects  of  ligands  on  the  secondary  structure  of  apoC-IIl2. 

Methods  Employed: 

Secondary  structure,  i.e.,  a-helical,  g-pleated  sheet,  and  random  con- 
figurations, was  investigated  by  using  a  Gary  model  61  spectrometer.   Tertiary 
structure,  i.e.,  the  mode  of  intramolecular  folding,  was  investigated  by 
monitoring  changes  in  the  fluorescence  and  absorption  properties  on  a  Perkin- 
Elmer  Model  MPF-4  fluorescence  spectrometer  and  a  Beckman  Acta  3  spectropho- 
tometer.  Quaternary  structure,  i.e.,  intermolecular  protein  interaction,  was 
studied  by  molecular  weight  measurements  with  a  Spinco  Model  E  ultracentrifuge 
and  a  Chromatrix  Laser  Light  Scattering  Photometer,   Calculations  and  least 
square  fits  of  the  data  to  various  models  were  performed  with  the  MLAB  program 
on  the  DEC  system  10  computer  at  NIH. 
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Major  Findings; 

ApoC-IIl2  undergoes  major  increases  in  secondary  structure  in  the 
presence  of  lipids.   In  contrast  to  apoA-I,  apoA-II  and  apoC-I,  there  is 
little  change  in  the  secondary  structure  of  apoC-IIl2  with  self-association. 
This  observation  simplifies  the  interpretation  of  lipid  binding  studies  for 
this  apolipoprotein.   In  order  to  address  the  uniqueness  of  lipid  associated 
conformational  changes  we  have  extended  our  studies  to  other  perturbants.   The 
secondary  structure  of  apoC-IIl2  responds  dramatically  to  inorganic  phosphate. 
The  a-helical  content  of  apoC-IIl2  increases  from  about  12%  to  over  36%  in  the 
presence  of  1.5  M  inorganic  phosphate.  Moreover,  changes  in  secondary 
structure  are  observed  at  much  lower  concentrations,  0.01  molar;  the  effect  of 
inorganic  phosphate  is  a  saturable  phenomenon  and  corresponds  to  a  langmuir 
isotherm.   These  findings,  along  with  our  previous  studies,  raise  serious 
questions  regarding  the  amphipathic  helical  theory  of  apolipoprotein-lipid 
interactions.   The  effects  of  inorganic  phosphate  on  the  secondary  structure 
of  apoC-IIl2  are  more  dramatic  than  the  corresponding  effects  of  lipid.  More- 
over, changes  in  secondary  structure  are  not  unexpected  when  the  environment 
of  a  protein  is  changed  drastically  by  the  addition  of  lipid;  increases  in 
secondary  structure,  primarily  a-helical  content,  in  non-polar  environments 
are  usually  required  in  order  to  preserve  hydrogen  bonds.   The  effects  of 
lipid  on  the  secondary  structure  of  apolipoproteins  may  be  nonspecific  and 
simply  reflect  the  polarity  of  the  new  environment. 

Objective: 

4)   Evaluation  of  the  molecular  properties  of  radiolabeled  apolipo- 
proteins. 

Several  laboratories,  including  the  Molecular  Disease  Branch,  have 
investigated  the  kinetics  of  the  in  vivo  metabolism  of  radiolabeled  apolipo- 
proteins.  The  value  of  these  data  in  terms  of  the  metabolic  fate  of  native 
apolipoproteins  and  lipoprotein  ^jarticles  depends  directly  upon  any  pertur- 
bations in  the  molecular  properties  of  the  resulting  radiolabeled  plasma 
lipoproteins  caused  by  the  labeling  and/or  incubation  (recombination)  proce- 
dure employed.   The  labeled  apolipoprotein  must  mimic  the  distribution  of  the 
unlabeled  species.   We  have  begun  an  intensive  comparison  of  the  molecular 
properties  of  radiolabeled  and  unlabeled  apolipoproteins  A-I  and  A-II.   The 
initial  stages  of  this  study  involved  a  comparison  of  the  elution  profiles 
of  labeled  and  unlabeled  species  from  a  90  X  1.4  cm  Sephadex  column.   Both 
apoA-I  and  A-II  self-associate  in  aqueous  solution  and  the  elution  profiles 
from  columns  are  quite  sensitive  to  the  degree  of  association  and  thus  initial 
(loading)  concentration.   The  elution  profiles  of  mixtures  of  radiolabeled 
(with  -L'^JI;  see  last  years  annual  report)  and  unlabeled  apolipoproteins, 
labeled;  unlabeled  ~  10~-^,  were  monitored  by  absorbancy  and  radioactivity 
measurements.  Although  the  results  were  consistent  with  the  participation 
of  labeled  apolipoprotein  in  the  self-association  of  unlabeled  species,  the 
elution  profile  as  measured  by  absorbance  preceded  that  obtained  by  measure- 
ment of  radioactivity  for  each  apolipoprotein.   This  result  was  most  probably 
due  to  a  non-specific  interaction  between  the  column  matrix  and  the  radio- 
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labeled  apolipoprotein,  however  a  more  specific  perturbation  in  the  molecular 
properties  of  the  radiolabeled  apolipoprotein  could  not  be  ruled  out  at  that 
time.   Over  the  past  year  we  have  extended  these  studies  to  include  the 
measurement  of: 

1)  absorption  spectra 

2)  circular  dichroic  spectra 

3)  Sephadex  elution  profiles  at  several  different  concentrations  of 
protein. 

Methods  Employed: 

Secondary  structure,  i.e.,  a-helical,  3-pleated  sheet,  and  random  con- 
figurations, was  investigated  by  using  a  Gary  model  61  spectropolarimeter. 
Tertiary  structure,  i.e.,  the  mode  of  intramolecular  folding,  was  investigated 
by  monitoring  changes  in  the  fluorescence  and  absorption  properties  on  a 
Perkin-Elmer  Model  MPF-4  fluorescence  spectrophotometer  and  a  Beckman  Acta  3 
spectrophotometer. 

Major  Findings; 

The  elution  profile  of  apolipoprotein  A-I  from  Sephadex  G-lOO  columns 
(10  X  1.4  cm)  depends  critically  upon  the  initial  (loading)  concentration  of 
protein.   At  high  concentrations  the  major  peak  corresponds  to  octameric  apo 
A-I  and  with  decreasing  initial  protein  concentrations  the  elution  profile 
shifts  indicating  slower  migrating  components  and  at  low  initial  concen- 
trations of  protein  the  elution  profile  corresponds  primarily  to  monomeric 
apoA-I.   The  elution  profile  of  mixtures  of  native  apoA-I  and  radiolabeled 
apoA-I  (labeled:   unlabeled  ~  6.5  x  10"^  to  2.2  x  10"^)  were  obtained  at  high, 
>  1.7  mg/ml  and  low,  <  0.05  mg/ml,  initial  concentrations  of  protein;  pre- 
vious studies  were  limited  to  intermediate,  0.4  mg/ml  concentrations  of  pro- 
tein where  the  elution  profiles  are  quite  complex.   At  low  initial  concen- 
trations of  protein,  where  the  elution  profile  favors  monomeric  species,  the 
peak  of  absorbancy  preceded  the  corresponding  peak  of  radioactivity.   This 
result  was  consistent  with  that  found  at  intermediate  concentrations  of  pro- 
Keio  and  was  attributed,  in  last  years  annual  report,  to  possible  nonspecific 
interactions  between  the  labeled  protein  and  the  column  matrix.   In  contrast, 
at  high  concentrations  of  protein,  where  the  elution  profile  favors  octameric 
apoA-I,  the  profiles  of  absorbancy  and  radioactivity  were  superimposable. 
This  result  is  not  consistent  with  a  nonspecific  interaction  between  apoA-I 
and  the  column  matrix.   Moreover,  the  elution  volume  obtained  by  radioactivity 
measurements  did  not  exceed  that  expected  for  monomeric  apoA-I  even  at  the 
lowest  concentrations  of  protein  investigated.   The  circular  dichroic  and 
absorption  spectra  of  the  modified  species  at  high  concentrations  of  protein 
was  indistinguishable  from  that  of  the  native  species.   These  combined  results 
can  be  accounted  for  by  two  different  mechanisms. 

1)   lodination  of  apoA-I  results  in  a  decrease  in  the  equilibrium  cons- 
tant for  oligomer  formation.   In  this  case  all  labeled  proteins  participate 
in  self-association  with  unlabeled  proteins  but  the  specific  activity  is  high- 
er in  the  monomeric  species  which  results  in  a  shift  of  the  radioactivity 
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profile  to  favor  slower  migrating  components. 

2)   lodlnatlon  of  apoA-I  results  in  the  formation  of  an  incompetent 
monomer,  due  to  either  double  labeling  of  a  single  protein  molecule  or  the 
labeling  of  a  specific  tyrosine  residue.   This  incompetent  monomer  does  not 
participate  in  self-association,  which  results  in  a  higher  specific  activity 
of  slower  migrating  components. 

These  two  mechanisms  will  be  evaluated  in  the  coming  year.   It  is 
important  to  stress  that  in  either  mechanism,  the  molecular  properties  of  apo- 
A-I are  modified  by  the  labeling  procedure.   This  may  have  major  consequences 
in  the  use  of  radiolabeled  apolipoprotein  A-I  to  mimic  the  behavior  of  the 
corresponding  unlabeled  species. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 

These  investigations  are  directed  toward  a  greater  understanding  of  the 
quaternary  organization  and  function  of  the  plasma  lipoproteins.   The  plasma 
lipoproteins  are  complex  and  their  structure  is  sensitive  to  numerous  pertur- 
bations including  pressure,  ionic  strength  and  temperature.   The  apolipo- 
protein and  lipid  composition  of  plasma  lipoproteins  is  related  directly  to 
the  concentration  and  composition  of  other  components  of  plasma,  including 
other  plasma  lipoproteins.   A  quantitative  knowledge  of  the  organization  and 
interactions  of  plasma  lipoproteins  is  fundamental  to  our  understanding  of 
lipid  transport  and  metabolism  in  normal  individuals  and  in  patients  with 
disorders  of  lipid  metabolism  and  atherosclerosis. 

Proposed  Course: 

Investigations  concerning  the  molecular  properties  of  apolipoproteins 
shall  be  expanded  to  include  analysis  of  apolipoproteins  E  and  H  and  quanti- 
tation of  the  mixed  interaction  between  apoA-I  and  apoC-I.   The  studies  of 
modified  apolipoproteins  shall  be  directed  primarily  to  evaluating  the 
perturbations  produced  by  the  iodination  of  apolipoprotein  A-I.   In  addition, 
measurements  of  the  surface  activity  of  apolipoproteins  shall  be  initiated. 
These  studies  continue  to  form  a  firm  framework  for  our  ultimate  understanding 
of  in  vivo  plasma  lipoprotein  interactions. 

Publications: 


Osborne,  J.  C,  Jr.,  Brewer,  H.  B.,  Jr.:   Solution  properties  of  the 
plasma  apolipoproteins.   Annals  of  The  New  York  Academy  of  Science, 
(In  press) . 

Lloyd,  M.  A.,  Osborne,  J.  C.,  Jr.,  Safer,  B.,  Huff,  G. ,  Merrick,  W. 
C:   Characteristics  of  eukaryotic  initiation  factor  2  and  its 
subunits,  (1980),  J.  Biol.  Chem. ,  255:   1189-1193. 

Osborne,  J.  C. ,  Jr.,  Servillo,  L:   Equilibrium  sedimentation  of 
interacting  systems:   Mixed  interaction  between  two  self-associating 
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proteins.   Biophysical  Chemistry,  (In  press) 

4.  Brewer,  H.  B,,  Jr.,  Schaefer,  E.,  Zech,  L.  and  Osborne,  J.C,  Jr.: 
Hvunan  Plasma  Lipoproteins:   Structure,  Function,  and  Metabolism,  in 
Lipoproteins  and  Coronary  Heart  Disease,  H.  Greten,  P.  D.  Lang  and 

G.  Schettler,  editors,  Gerhard  Witzstrock  Publishing  House,  New  York, 
1980  pg.  7-15. 

5.  Osborne,  J.  C,  Jr.:   Evaluation  of  the  mixed  association  between 
two  self-associating  systems  by  sedimentation  equilibrium,  Biochim. 
Biophys.  Acta,  (In  press). 

6.  Brewer,  H.  B.,  Jr.,  Schaefer,  E.  J.,  Osborne,  J.  C,  Jr.  and  Zech, 
L.  A.:   High  Density  Lipoproteins:   An  Overview.   NIH  Publication 
No.  79-1661,  August,  1979. 

7.  Servillo,  L.,  Brewer,  H.  B.,  Jr.  and  Osborne,  J.  C,  Jr.:   Equilib- 
rium Sedimentation  of  apolipoprotein  C-I,  Arch.  Biochem.  Biophys., 
(In  press) . 

8.  Servillo,  L.,  Brewer,  H.  B.,  Jr.  and  Osborne,  J.  C,  Jr.:   Evaluation 
of  the  mixed  interaction  between  apolipoproteins  A-II  and  C-I  by 
equilibrium  sedimentation.   Biophysical  Chemistry,  (In  press). 

9.  Osborne,  J.  C,  Jr.,  Powell,  G.  M.  and  Brewer,  H.  B.,  Jr.:   Analysis 
of  the  mixed  association  between  human  apolipoprotein  A-I  and  A-II 
in  aqueous  solution.   Biochim.  Biophys.  Acta,  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Rat  liver  3-hydroxy-3-methylglutaryl  coenzjnne  A  reductase  (HMG-CoA  reductase) 
has  been  purified  to  homogeneity  by  a  rapid  procedure  which  employs  HMG-CoA 
affinity  chromatography.   Antibodies  prepared  against  purified  HMG-CoA  reductase 
gave  a  single  immunoprecipitin  line  with  HMG-CoA  reductase.   The  ±n   vitro  phos- 
phorylation of  HMG-CoA  reductase  was  studied  utilizing  purified  enzyme  and 
reductase  kinase.   With  this  system  phosphorylated  reductase  contained  approx- 
imately 4  mol  phosphate  per  tetramer  of  200,000.   To  demonstrate  that  HMG-CoA 
reductase  undergoes  phosphorylation  in  vivo,  rats  were  injected  with  32p  and 
hepatic  reductase  isolated  by  immunoprecipitation  and  by  purification  of  the 
enzyme  to  homogeneity.   Analysis  of  32p  labeled  immunoprecipitates  and  purified 
HMG-CoA  reductase  by  SDS  gel  electrophoresis  revealed  a  single  peak  of  radio- 
activity comigrating  with  purified  reductase  establishing  that  reductase  can 
undergo  phosphorylation  in  vivo.   Glucagon  administration  in  vivo  resulted  in 
a  10  fold  increase  in  hepatic  cyclic  AMP  content,  a  two-fold  increase  in  32p 
incorporation  into  HMG-CoA  reductase,  and  a  40%  decrease  in  HMG-CoA  reductase 
enzjonic  activity. 
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Project  Description 
Objective : 

1)  In  vitro  phosphorylation  of  Homogeneous  HMG-CoA  reductase. 

Methods  Employed: 

Rat  liver  HMG-CoA  reductase  was  purified  to  homogeneity  employing 
affinity  chromatography  on  HMG-CoA.   Reductase  kinase  was  also  purified  to 
homogeneity.   Purified  HMG-CoA  reductase  was  phosphorylated  in  the  presence 
of  radiolabeled  ATP,  MgCl2  and  purified  reductase  kinase. 

Major  Findings: 

When  purified  HMG-CoA  reductase  was  incubated  with  purified  reductase 
kinase,  ATP  +  MgCl2,  a  time  dependent  inactivation  of  reductase  activity  was 
observed.   Incubation  of  inactivated  HMG-CoA  reductase  with  phosphoprotein 
phosphatase  was  associated  with  a  time-dependent  increase  in  enzymic  activity 
of  reductase.   These  results  are  consistent  with  inactivation-reactivation  of 
microsomal  reductase  reported  earlier.   Incubation  of  purified  reductase  with 
purified  reductase  kinase  and  y-^^^P-ATP  +  MgCl2  was  associated  with  a  time 
dependent  increase  in  protein-bound  radioactivity  and  decrease  in  enzymic 
activity.   The  radiolabeled  reductase  was  analyzed  by  SDS  gel  electrophoresis 
and  radioactivity  (>98%)  was  associated  with  the  single  electrophoretic  band 
of  purified  reductase.   Assuming  that  reductase  is  a  tetrameter  of  200,000 
molecular  weight,  an  average  of  3.68  ±  0.56  mol  of  phosphate  were  incorporated 
per  mol  of  tetramer.   Treatment  of  [3^P]-labeled  reductase  with  phosphatase 
resulted  in  a  release  of  [-^^P]  radioactivity  (>90%)  . 

Objective: 

2)  In  vivo  phosphorylation  of  HMG-CoA  redustase  and  its'  modulation 
by  glucagon. 

Methods  employed: 

Rats  were  injected  with  [32p] ,  glucagon  or  saline  under  anaesthesia. 
Portions  of  livers  were  frozen  in  liquid  nitrogen  for  the  measurement  of 
cyclic  AMP  and  ATP  content.   Livers  were  used  for  the  solubilization  and 
purification  of  HMG-CoA  reductase  by  affinity  chromatography.   Aliquots  of 
partially  purified  enzyme  were  immunoprecipitated  with  a  monospecific  anti- 
body to  HMG-CoA  reductase.   [32p]_iabeled  immunoprecipitates  and  purified 
HMG-CoA  reductase  were  analyzed  by  SDS  gel  electrophoresis. 

Major  Findings: 

Examination  of  [^^P] -labeled  immunoprecipitates  and  purified  enzyme  by 
SDS  gel  electrophoresis  revealed  a  single  peak  of  radioactivity  migrating  with 
an  apparent  molecular  weight  of  51,000  (±  1800)  coincident  with  the  migration 
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of  purified  HMG-CoA  reductase.   No  Immunoprecipitable  radioactivity  was  de- 
tected on  the  gel  when  labeled  HMG-CoA  reductase  was  incubated  with  non- 
immunized  goat  serum.   These  results  established  that  HMG-CoA  reductase  can 
undergo  phosphorylation  in  vivo.   The  administration  of  glucagon  was  assoc- 
iated with  a  40%  decrease  in  the  enzjrmic  activity  of  HMG-CoA  reductase  and 
a  10  fold  increase  in  hepatic  cyclic  AMP  content.   Dephosphorylation  of 
HMG-CoA  reductase  from  control  and  glucagon  treated  rats  resulted  in  an  in- 
crease in  total  enzymic  activity  to  nearly  identical  levels.   Analysis  of 
[32p]_iabeled  HMG-CoA  reductase  by  SDS  gel  electrophoresis  isolated  by  immuno- 
precipitation  or  by  purification  of  enzyme  to  homogeneity  revealed  a  two-fold 
increase  in  the  [■^■^P]  incorporation  in  glucagon  treated  over  control  rats. 
No  change  in  ATP  specific  activity  was  observed  following  glucagon  adminis- 
tration. 

Objective; 

3)   Purification  and  characterization  of  cystolic  cAMP-independent  and 
microsomal  cyclic  AMP-dependent  reductase  kinase. 

Methods  Employed: 

Cytosal  obtained  upon  centrifugation  of  post-mitochondrial  supernatant 
of  rat  liver  was  used  for  purification  of  the  cAMP-independent  reductase 
kinase.   Ammonium  sulfate  fractionation  (0-35%)  followed  by  affinity  chroma- 
tography on  columns  of  affi-gel  blue,  Agarose-hexane-HMG-CoA  and  Agarose- 
hexane-ATP  were  employed.   Microsomal  cAMP-dependent  reductase  kinase  was 
partially  purified  and  required  cAMP  for  it's  activity. 

Major  Findings: 

Purified  cystolic  cAMP-independent  reductase  kinase  migrated  as  a  single 
band  on  aqueous  and  SDS-gel  electrophoresis,  and  had  a  monomeric  and  oligo- 
meric  molecular  weight  of  58,000  and  350,000  daltons  respectively.   Purified 
reductase  kinase  was  able  to  catalyze  the  phosphorylation  of  purified  HMG-CoA 
reductase.   Partially  purified  cAMP-dependent  microsomal  reductase  kinase 
also  inactivated  HMG-CoA  reductase  in  the  presence  of  ATP  +  MgCl2  and  cAMP. 
The  inactivation  of  HMG-CoA  reductase  in  the  presence  of  cAMP  was  completely 
blocked  by  a  muscle  protein  kinase  inhibitor.   Cytosolic  reductase  kinase 
appears  to  be  similar  to  microsomal  reductase  kinase  purified  and  character- 
ized previously. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  are  directed  toward  an  understanding  of  the  short-term 
regulation  of  the  rate  limiting  enzyme  of  cholesterol  biosynthesis  HMG-CoA 
reductase.   An  elucidation  of  the  mode  of  control  of  this  enzyme  will  allow 
a  detailed  analysis  of  the  parameters  involved  in  the  cellular  regulation  of 
cholesterol  metabolism  in  normal  subjects,  and  patients  with  atherosclerosis. 
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Proposed  Course: 

A  systematic  investigation  of  the  modulation  of  HMG-CoA  reductase  and 
reductase  kinase  will  be  continued.   The  cAMP-dependent  HMG-CoA  reductase 
kinase  will  be  further  characterized.   In  vivo  regulation  of  HMG-CoA  reduc- 
tase and  reductase  kinase  under  different  physiological  conditions  (e.g. 
cholestyramine  and  cholesterol  feeding,  administration  of  other  hormones, 
etc.)  will  be  investigated  during  the  next  year.   These  studies  will  enhance 
our  understanding  of  the  role  of  this  important  enzyme  in  the  cellular  regu- 
lation of  cholesterol  synthesis. 

Publications: 

1.  Beg,  Z.  H. ,  Stonik,  J.  A.,  and  Brewer,  H.  B. ,  Jr.:  3-hydroxy-3- 
methylglutaryl  coenzyme  A  reductase  from  avian  liver:  catalytic 
properties.   Biochim.  Biophys.  Acta.  572:  83-94,  1979. 

2.  Beg,  Z.  H. ,  Stonik,  J.  A.,  and  Brewer,  H.  B. ,  Jr.:   Characterization 
and  regulation  of  reductase  kinase,  a  protein  kinase  which  modulates 
the  activity  of  HMG-CoA  reductase.   Proc.  Natl.  Acad.  Sci.  USA:  76, 
4375-4379,  1979. 

3.  Beg,  Z.  H. ,  Stonik,  J.  A.,  and  Brewer,  H.  B.,  Jr.:   In  vitro  and 
in  vivo  phosphorylation  of  rat  liver  3-hydroxy-3-methylglutanyl 
coenzyme  A  reductase  and  its  modulation  by  glucagon.   J^.  Biol.  Chem. 
(in  press) . 


•ry'5 


SMITHSONIAN  SCI 
PROJECT  NUMBER 


ENCE  INFORMATION  EXCHANGE 
(Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZQl  HL  02015-03  ^^ 


PERIOD   COVERED 
October   1,    1979   through  September   30,    1980 


TITLE   OF    PROJECT    (80  characters   or   less) 
Isolation,    Characterization,    and   Quantitation  of  Lipoproteins   and 
Apolipoproteins    from  the  Plasma  and  Lymph  of  Normal   Individuals   and 
Patients  with  Dyslipoproteinemia 


NAMES,    LABORATORY   AND    INSTITUTE   AFFILIATIONS,    AND   TITLES   OF    PRINCIPAL    INVESTIGATORS  AND   ALL   OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON   THE   PROJECT 


PI:     David  Anderson,  Ph.D. 
Other:   Ernst  J.  Schaefer,  M.D. 

Loren  A.  Zech,  M.D. 

H.  Bryan  Brewer,  Jr.,  M.D. 


Staff  Associate  MDB  NHLBI 

Senior  Investigator  MDB  NHLBI 

Senior  Investigator  MDB  NHLBI 

Chief  MDB  NHLBI 


COOPERATING  UNITS  (if  any)  Dr.  F.  T.  Lindgren,  Donner  Laboratory,  University  of  CA, 
Berkeley,  CA;  Dr.  Trudy  Forte,  Donner  Laboratory,  University  of  CA,  Berkeley, 
CA;  Dr.  Thomas  E.  Starzl,  Department  of  Surgery,  University  of  CO  Medical  Cente^, 
Denver.  CO:  Dr.  Gary  D.  Niblack,  Renal  Transplant  Unit,  VAHospital,  Nashville, TN 


lab/branch 
Molecular  Disease  Branch 


SECTION 
Peptide  Chemistry 


INSTITUTE  AND  LOCATION 
NHLBI,  NIH,  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 


1.3 


PROFESSIONAL: 


1.3 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
:D  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   □  (a2)  INTERVIEWS 


g  (b)  HUMAN  TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  daily  transport  of  human  plasma  apoA-I  and  apoA-II,  triglyceride  and  total 


cholesterol  from  the  thoracic  duct  lymph  into  plasma  was  measured  in  two  subjects 
prior  to  and  three  subjects  subsequent  to  renal  transplantation.   Lymph  triglyc- 


eride transport  was  approximately  83%  of  the  daily  ingested  fat  loads  while  lympl i 


cholesterol  transport  was  consistently  greater  than  the  amount  of  daily  ingested 
dholesterol.   L3miph  apolipoprotein  transport  exceeded  the  predicted  apolipopro- 


tein  synthesis  rate  by  an  average  of  659  +  578  mgs/day  for  apoA-I  and  109  +  59 
mg/day  for  apoA-II  among  the  five  subjects.   Lymph  HDL  particles  are  mostly  HDL2J) 
and  HDL2a  and  have  a  greater  triglyceride  and  smaller  cholesterol  ester  content 
when  compared  to  homologous  plasma  HDL.   The  major  quantity  of  both  lymph  apoA-I 


(81  +  8%)  and  apoA-II  (90  +  11%)  was  found  within  HDL  with  almost  all  of  the  re- 
mainder found  in  chylomicrons  and  VLDL.   The  combined  results  are  consistent  wit^i 
a  major  contribution  of  the  intestine  to  total  body  synthesis  of  apoA-I  and  apo- 
A-II.  An  important  role  of  lymph  in  returning  filtered  apolipoprotein  to  plasma 
in  association  with  HDL  is  proposed. 
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Project  Description 

Objective: 

In  collaboration  with  the  scientists  listed  above,  we  undertook  to  quan- 
titate  the  daily  transfer  of  human  lymph  apolipoproteins  (apo)  A-I,  A-II, 
triglyceride  and  total  cholesterol  from  thoracic  duct  lymph  into  plasma,  and 
to  determine  the  distribution  of  these  components  among  lymph  lipoprotein 
classes.   In  addition,  the  composition  and  physical  properties  of  lymph  high 
density  lipoprotein  (HDL)  are  compared  with  those  of  plasma  HDL. 

Methods  Employed; 

Human  thoracic  duct  lymph  was  obtained  by  cannulation  of  the  thoracic 
duct  in  five  subjects  undergoing  lymph  drainage  for  purposes  of  immunosup- 
pression either  prior  to  kidney  transplantation  (2  subjects)  or  following 
transplantation  (3  subjects).   The  latter  3  subjects  were  non-uremic.   The 
concentrations  of  apoA-I  and  A-II  were  determined  in  whole  lymph  and  lymph 
lipoprotein  fractions  by  radial  immunoassay  and  electro-immunoassay.   The 
cholesteryl  ester  and  total  cholesterol  content  of  all  fractions  was  deter- 
mined with  the  Beckman  oxygen  electrode-enzymlc  analyzer  (T.  J.  Bronzert  and 
H.  B.  Brewer,  Jr.,  Clin.  Chem.  23:   2089-2098).   Phospholipid  concentrations 
in  lymph  and  plasma  samples  were  determined  as  lipid  phosphorus  by  the  method 
of  Chalverdjian.   Total  cholesterol  and  triglyceride  concentrations  were 
measured  using  the  Autoanalyzer  II.   Total  protein  was  determined  by  the 
method  of  Lowry.   Electron  microscopy  of  both  whole  lymph  and  lymph  lipopro- 
tein fractions  was  carried  out  utilizing  the  negative  stain  method. 

Analytic  ultracentrifugation  of  both  lymph  and  plasma  samples  was  per- 
formed and  HDL 2b >  HDL2a  and  HDL3  concentrations  were  determined  (D.  Anderson 
et  al.  Atherosclerosis  29:   161-179,  1978). 

Major  Findings; 

Results  obtained  for  uremic  and  nonuremic  subjects  were  generally  the 
same.   In  specific  it  was  found  that: 

1)  The  daily  transport  of  triglyceride  represented  approximately  83%  of 
ingested  fat,  independent  of  fat  load. 

2)  Lymph  cholesterol  transport  varied  between  0.75  and  3.10  gms/day  and 
was  noticeably  greater  than  the  estimated  daily  ingested  load. 

3)  Lymph  apoA-I  and  apoA-II  transport  was  equal  to  and  often  signifi- 
cantly greater  than  the  predicted  apolipoprotein  synthesis  rate  for  all  sub- 
jects.  This  finding  is  noteworthy  in  view  of  the  large  variation  in  volumes 
of  lymph  flow  (25.1-112.2  dl/day) . 

4)  The  major  quantity  of  both  lymph  apoA-I  (73-95%)  and  apoA-II  (73-100%) 
was  found  within  HDL  with  the  remainder  in  chylomicrons  and  VLDL . 

2  ^^5- 


Project  No.  ZOl  HL  02015-03     MDB 

5)  Lymph  HDL  concentrations  were  only  a  fraction  of  plasma  HDL  concen- 
trations (8-20%) .   The  proportion  of  lymph  HDL  which  exhibits  the  faster 
flotation  rates  of  HDL2b  and  HDL2a  (79-100%)  is  greater  than  for  plasma  HDL 
(48-67%). 

6)  The  weight  percent  triglyceride  is  higher  and  the  weight  percent 
cholesteryl  ester  lower  in  lymph  HDL  as  compared  with  plasma  HDL. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Human  thoracic  duct  lymph  contributes  a  major  amount  of  apolipoproteins 
A-I  and  A-II  to  the  plasma  compartment.   It  thus  may  play  a  significant  role 
in  the  homeostasis  of  normal  lipid  and  lipoprotein  metabolic  pathways.   The 
elucidation  of  these  pathways  in  plasma  and  extraplasma  fluids  will  facilitate 
our  knowledge  of  lipid  transport  and  catabolism  in  individuals  with  disorders 
of  lipid  metabolism  and  atherosclerosis. 

Proposed  Course: 

The  time  course  of  lipid  and  apoprotein  transport  into  the  plasma  via 
the  thoracic  duct  lymph  will  be  investigated  on  an  hourly  basis.   In  addition 
to  apoA-I  and  apoA-II,  the  transport  of  apoC-II  and  apoB  will  be  determined. 
The  effect  of  meals  and  time  of  day  on  lipid  and  apolipoprotein  transport 
will  also  be  investigated. 

Publications: 


1.  Anderson,  D.  W. ,  Schaefer,  E.  J.  Bronzert,  T.  J.,  Lindgren,  F.  T. , 
Forte,  T.,  Starzl,  T.  E.,  Niblack,  G,  D. ,  Zech,  L.  A.,  and  Brewer, 
H.  B.,  Jr.:   Transport  of  apolipoproteins  A-I  and  A-II  by  human 
thoracic  duct  lymph.   J.  Clin.  Invest.   (In  press) . 

2.  Schaefer,  E.  J.,  Anderson,  D.  W. ,  Zech,  L.  A.,  Lindgren,  F.  T., 
Bronzert,  T.  A.,  Rubalcaba,  E.  A.,  and  Brewer,  H.  B.,  Jr.:   The 
metabolism  of  high  density  lipoprotein  subtractions  and  constituents 
in  tangier  disease  following  the  infusion  of  high  density  lipopro- 
teins.  J.  Lipid  Res.   (In  press). 


I'/C 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  HL  02017-03   MDB 


PERIOD  COVERED 

October  1,  1979  through  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Theoretical  Analysis  of  the  Metabolism  of  Lipoproteins 
and  Their  Apolipoprotein  and  Triglyceride  Moieties 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

PI:     Loren  A.  Zech,  M.D. 
Other:   Ernst  J.  Schaefer,  M.D. 

H.  Bryan  Brewer,  Jr.,  M.D. 


Senior  Investigator 

MDB 

NHLBI 

Senior  Investigator 

MDB 

NHLBI 

Chief 

MDB 

NHLBI 

COOPERATING  UNITS  (if  any)  ^ones  Berman,  Ph.D.,  Laboratory  of  Theoretical  Biology,  NCI; 
Scott  M.  Grundy,  M.D. ,  Ph.D.,  Dan  Steinberg,  M.D. ,  Ph.D.,  University  of  Calif,, 
La  Jolla,  CA;  Barbara  Howard,  Ph.D.,  Peter  H.  Bennett,  M.D.,  Phoenix  Clinical 
Research,  Center  Section,  NTAMPT 


lab/branch 
Molecular  Disease  Branch 


SECTION 
Peptide  Chemistry 


INSTITUTE  AND  LOCATION 
NHLBI,  NIH,  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 
1.2 


PROFESSIONAL: 
1.2 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   n  (a2)  INTERVIEWS 


(b)  HUMAN  TISSUES 


D  (c)    NEITHER 


SUMMARY    OF    WORK    (200   words    or    less   -    underline    keywords)  'j.^e    plasma    mass    of    apolipoproteins 

A-I  and  apolipoproteins  A-II  was  examined  in  lA  normal  individuals  selected  at 
random  following  10  days  of  stabilization  on  a  metabolic  diet.   ApoA-II  had 
become  stable  in  more  than  80%  of  the  subjects  while  A-I  was  stable  in  60%. 
Using  statistical  models  fasting  and  non-fasting  determinations  of  apoA-II  were 
found  to  be  equal  while  a  parallel  examination  of  apoA-I  mass  found  the  non- 
fasting  values  to  be  elevated  by  one-half  standard  deviation.   Triglyceride 
kinetics  were  studied  in  hyperlipidemic  subjects  utilizing  radiolabeled  glycerol 
before  and  following  therapy  with  nicotinic  acid.   Analysis  using  a  compart- 
mental  model  revealed  that  nicotinic  acid  decreases  the  residence  time  of 
VLDL-triglyceride  without  a  significant  change  in  the  absolute  synthesis  rate. 
Changes  in  triglyceride  kinetics  following  drug  treatment  resulted  in  secretion 
of  more  VLDL  or  an  unchanged  number  of  VLDL  containing  more  triglyceride  but 
usually  not  both.  Triglyceride  kinetics  examined  in  Pima  Indians  using  a  com- 
partmental  model  were  found  to  correlate  with  post-prandial  plasma  free  fatty 

acid  levels;  synthesis  raterj=.76  p<.005  a  strict  precursor  product  relationship 
between  VLDL  and  LDL  did  not  exist. 
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Project  Description 

1)   Objective: 

Development  of  both  compartmental  and  statistical  models  for  analysis  of 
apoA-I  and  apoA-II  metabolism  in  normal  subjects  and  patients  with  disorders 
or  lipoprotein  metabolism,  atherosclerosis,  and  other  lipid  abnormalities. 

Methods  Employed: 

The  methods  used  for  the  development  of  multicompartmental  models  using 
turnover  data  from  radiolabeled  apolipoproteins  and  plasma  lipoprotein 
studies  have  been  detailed  in  previous  reports.   These  models  are  stimulated 
using  the  SAAM  simulator  (a  large  collection  of  digital  computer  programs  on 
the  Univac  1108  computer  at  the  National  Bureau  of  Standards,  thf;  Peripheral 
Data  Processor  10  at  the  National  Institutes  of  Health,  and  the  VAX/780 
digital  computer  in  the  Laboratory  of  Theoretical  Biology,  National  Cancer 
Institute.   These  simulated  results  are  compared  to  the  experimental  results 
and  the  connectivity  (number  and  topology  of  compartments)  as  well  as  flow  of 
the  model  changed  until  a  working  model  is  developed.   Using  this  model  the 
volume  of  distribution  of  the  apolipoproteins  is  estimated  and  compared  to 
independent  estimes  of  these  volumes.   After  development  of  the  compartmental 
model,  the  parameters  of  the  model  are  adjusted  using  nonlinear  least  square 
techniques  resulting  in  a  minimal  least  square  error.   These  have  now  been 
extended  to  studies  in  which  differences  in  multicompartmental  models,  devel- 
oped using  turnover  data  from  two  radiolabels  on  two  different  apolipo- 
proteins in  normal  individuals,  have  been  compared. 

In  addition,  standard  statistical  methods  have  been  used  to  develop  and 
test  statistical  models  developed  to  simulate  changes  in  plasma  apolipo- 
protein  values  following  both  short-term  (hour  to  hour)  and  long-term  (day  to 
day)  perturbations. 

Major  Findings: 

1)  Using  plasma  decay  curves  obtained  from  21  day  experiments  residence 
times  were  determined  for  apoA-I  and  apoA-II.   There  was  no  change  in  the 
results  from  21  day  studies  when  compared  to  previous  14  day  studies.   No 
paired  studies  were  examined. 

2)  Using  both  plasma,  urine,  and  whole  body  data,  the  model  developed 
to  describe  results  from  14  day  experiments  was  tested  against  results  of 
long  duration  (21  day)  kinetic  experiments.   Models  of  apoA-I  in  4  subjects 
and  apoA-II  in  2  different  subjects  were  adequate  to  explain  21  day  kinetic 
data  without  change . 
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3)  Mean  fasting  apoA-1  values  were  found  to  be  one-half  standard 
deviation  decreased  when  compared  to  non-fasting  samples.   The  variance 
in  the  fasting  and  non-fasting  values  was  equal. 

4)  Mean  fasting  apoA-II  values  were  found  to  be  unchanged  when  compared 
to  non-fasting  values.   The  variance  in  the  fasting  and  non-fasting  distri- 
butions was  also  equal. 

5)  Plasma  apoA-I  levels  were  determined  in  randomly  selected  normal 
volunteers  following  stabilization  for  more  than  14  days  on  a  hospital, 
metabolic  diet.   More  than  60%  of  the  determinations  had  reached  constant 
apoA-I  mass  values  (p<.05).   Plasma  apoA-II  mass  values  (p<.05)  had  become 
constant  in  the  same  14  subjects. 

2)   Objective: 

1.  Continue  development  of  a  multicompartmental  model  for  triglyceride 
metabolism  and  the  precursors  of  triglyceride  metabolism. 

2.  Estimation  of  the  parameters  describing  triglyceride  metabolism 
including  synthesis  rate,  residence  time,  and  fractional  catabolic  rate  in 
a  group  of  subjects  with  hyperlipidemia  before  and  after  treatment  with 
lipid  lowering  drugs. 

Methods  Employed: 

Radiolabeled  glycerol  was  administered  to  patients  with  varying  degrees 
of  hyperlipidemia  before  and  after  treatment  with  the  lipid  lowering  drug, 
nicotinic  acid.   The  topological  structure  (connectivity  and  number  of 
compartments)  of  multicompartmental  models  previously  developed  on  this 
project  was  examined  for  their  ability  to  explain  the  experimental  results 
before  and  after  treatment  with  nicotinic  acid.   After  it  was  established 
that  this  model  could  explain  the  observed  data  it  was  used  to  calculate 
the  kinetic  parameters  of  VLDL-triglyceride  metabolism  of  all  subjects. 
In  addition,  differences  in  metabolism  associated  with  administrations  of 
nicotinic  acid  therapy  for  reduction  in  lipids  was  examined.   Each  subject 
acted  as  its  own  control. 

Using  changes  in  kinetic  parameters  it  was  possible  for  the  first  time 
to  establish  relative  differences  in  lipoprotein  size  and  number  following 
drug  treatment. 

Major  Findings: 

1)   Analysis  of  kinetics  of  very  low  density  lipoprotein  triglyceride 
kinetics  was  performed  in  collaboration  with  Dr.  Mones  Berman  (Laboratory  of 
Theoretical  Biology,  NCI),  and  Dr.  Scott  Grundy  (Veterans  Administration 
Hospital,  La  Jolla  CA) .   Comparison  of  subjects  with  hyperlipidemia  on  and 
off  drugs  established  that  an  increase  in  VLDL-TG  fractional  catabolic  rate 
or  conversely  a  decrease  in  residence  time  for  VLDL-TG  was  a  result  of 
nicotinic  acid  therapy. 
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2)  There  was  no  consistent  change  in  the  synthesis  rate  of  VLDL  tri- 
glyceride following  nicotinic  acid  therapy.   Both  increase,  decrease,  and 
no  change  was  observed  in  this  kinetic  measurement. 

3)  Relative  changes  in  very  low  density  lipoprotein  particle  size  and 
number  were  determined  following  nicotinic  acid  therapy.   Subjects  which  made 
large  VLDL  particles  decreased  the  size  of  nascent  VLDL  following  therapy 
while  subjects  which  made  small  VLDL  particles  decreased  the  relative  number. 

3)   Objective: 

Analysis  of  the  very  low  density  lipoprotein  triglyceride  kinetics  in 
Pima  Indians. 

Methods  Employed: 

The  Pima  Indian  nation  of  Native  Americans  are  an  interesting,  well- 
defined  group  of  subjects.   Studies  of  this  group  were  performed  in  collab- 
oration with  Dr.  Barbara  Howard  and  Dr.  Peter  Bennett  (Phoenix  Experimental 
Station,  NIAMDD) .   These  individuals  are  of  interest  because  they  have  an 
increased  incidence  of  diabetes,  decreased  incidence  of  lithogenic  bile  and 
cholesterol  gallstones,  and  increased  incidence  of  obesity  greater  than  150% 
of  ideal  body  weight.   In  addition,  they  also  represent  a  well-defined  group 
in  which  insulin,  glucose,  cholesterol,  and  low  density  lipoprotein  trigly- 
ceride kinetics  have  been  previously  studied. 

Very  low  density  lipoprotein  triglyceride  was  endogenously  labeled 
following  the  injection  of  300  Ci  of  radiolabeled  precursor,  ^-glycerol. 
This  method  is  considered  to  induce  the  least  amount  of  artifact.   In 
addition,  plasma  levels  of  insulin,  glucose  and  free  fatty  acids  were 
determined  by  standard  techniques. 

The  kinetics  of  very  low  density  lipoprotein  triglyceride  kinetics  in 
normal  triglyceridemic ,  non-diabetic,  male,  Pima  Indians  was  examined  using 
a  compartmental  model  previously  developed  for  triglyceride  synthesis  and 
metabolism.   Using  standard  statistical  techniques  the  relationships  among 
several  kinetic  parameters  (fractional  catabolic  rate,  synthesis  rate, 
delipidation  rate,  etc.)  and  plasma  values  of  glucose,  insulin  and  free 
fatty  acids  were  examined  in  detail. 

Major  Findings: 

1)  Studies  completed  in  15  Pima  Indians  were  of  sufficient  sample  size 
to  make  statistical  significant  comparisons  with  previously  examined  groups. 

2)  The  connectivity  (number  of  compartments  and  the  topology  of  tracer 
flow)  of  the  model  developed  for  the  Pima  Indians  was  equivalent  to  the  model 
developed  previously  for  Caucasian  males. 


yst) 


Project  No.  ZOl  HL  02017-03   MDB 

3)  The  kinetic  parameters  were  compared  with  two  groups  composed  of 
normal  weight  (  125%  ideal  body  weight)  and  obese  (  160%  ideal  body  weight) 
normal  triglyceridemic  Caucasians.   The  fractional  catabolic  rate  for  very 
low  density  lipoprotein  triglyceride  for  Pima  Indians  was  increased  (.42  h~l) 
compared  to  normal  (.21  h~l)  and  obese  (.32  h~l)  Caucasians.   The  synthesis 
rate  in  Pima  Indians  (803  mg/hr)  was  equal  to  normal  (727  mg/hr)  but  less 
than  obese  Caucasians  (1414  mg/hr) . 

4)  No  kinetic  parameter  describing  triglyceride  kinetics  was  correlated 
with  fasting,  one  hour,  two  hour  or  three  hour  post  prandial  glucose  or 
insulin  determinations. 

5)  The  peak  plasma  free  fatty  acid  level  correlated  well  with  synthesis 
rate  r=.76  p<.001. 

6)  The  very  low  density  lipoprotein  particle  absolute  catabolic  rate 
exceeded  previously  reported  low  density  lipoprotein  synthesis  rates.   There- 
fore there  is  not  a  strict  precursor  product  relationship  between  VLDL  and 
LDL  in  these  subjects. 

7)  Normal  triglyceridemic,  non-diabetic,  male  Pima  Indians  secrete  very 
low  density  lipoproteins  which  are  triglyceride  rich  when  compared  to  normal 
Caucasians. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Understanding  the  metabolism  of  lipoproteins  and  the  moieties  which  make 
up  these  lipoproteins  (cholesterol,  cholesterol  ester,  triglycerides,  and 
apolipoproteins)  are  significant  because  of  their  relationship  to  athero- 
sclerosis and  cholelithiasis.   The  development  of  a  concept  of  plasma  lipo- 
protein metabolism  is  approached  by  the  theoretical  analysis  of  data  from 
metabolic  studies  using  the  techniques  of  compartmental  and  statistical  model 
building.   This  type  of  theoretical  analysis  provides  a  framework  for  dis- 
cussion between  investigators.   This  project  consists  of  the  testing  and 
further  development  of  compartmental  models  for  lipoprotein  metabolism  as 
well  as  the  proposal  of  new  models  where  they  do  not  exist. 

Understanding  lipoprotein  metabolism  is  of  major  importance  due  to 
the  central  role  of  lipoproteins  in  the  transport  and  catabolism  of  chol- 
esterol and  triglycerides  in  normal  and  patients  with  disorders  of  lipid 
metabolism  and/or  atherosclerosis.   Because  of  the  recent  elucidation  of 
the  negative  correlations  between  HDL-cholesterol  levels  and  the  incidence 
of  coronary  heart  disease  the  understanding  of  the  two  major  HDL  apolipo- 
proteins (apoA-I  and  apoA-II)  is  particularly  relevant  to  the  understanding 
of  atherosclerosis. 

Understanding  the  modulation  of  lipoprotein,  cholesterol,  cholesterol 
ester,  triglycerides  and  apolipoprotein  by  drugs,  diet,  and  genetic  disease 
is  also  of  significance  since  changes  in  these  modulators  may  have  major 
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effects  on  atherosclerosis  and  cholellthasis.   This  theoretical  analysis  also 
provides  a  framework  for  comparison  between  groups  as  dissimilar  as  Cauca- 
sians and  American  Indians. 

Proposed  Course; 

Detailed  studies  will  be  continued  on  the  analysis  of  the  differences  in 
apoA-I  and  apoA-II  metabolism  by  further  specifying  and  defining  the  current 
compartmental  models,  with  particular  emphasis  on  analysis  of  paired  studies 
of  longer  duration,  and  studies  in  which  alternative  methods  of  labeling  are 
employed.   Preliminary  studies  will  be  initiated  on  the  analysis  of  apoE  and 
apoC  metabolism.   The  overall  objective  will  be  the  development  of  a  compre- 
hensive model  of  human  lipoprotein  metabolism  by  the  incorporation  of  this 
information  into  the  previously  proposed  LpB  model.   The  formulation  of  an 
overall  conceptualization  of  lipoprotein  metabolism  in  normal  individuals  and 
in  subjects  with  disorders  of  lipoprotein  metabolism  will  be  continued  by 
qualitative  and  quantitative  testing  of  these  conceptions  using  compartmental 
modeling  and  other  theoretical  methods.   Of  particular  interest  will  be  the 
determination  of  which  parameters  remain  invariant  and  variant  when  the 
systems  are  modulated  by  diet,  drug,  and  transformed  by  genetic  disease. 

Publications: 


1.  Howard,  B.  V.,  Zech,  L.  A.,  Davis,  M. ,  Brennion,  L.  J.,  Savage,  P.  J., 
Nagulesparan,  M. ,  Bilheimer,  D.,  Bennett,  P.  H.,  Grudy,  S.  M. : 
Studies  of  very  low  density  lipoprotein  triglyceride  metabolism  in 

an  obese  population  with  low  plasma  lipids.   J.  Lipid  Res. , 
(In  press)  . 

2.  Grundy,  S,  M. ,  Mok,  H.  Y.  I.,  Zech,  L.  A.,  Berman,  M. :   Influence  of 
nicotinic  acid  on  metabolism  of  cholesterol  and  triglycerides  in  man. 
J.  Lipid  Res. ,  (In  press) . 

3.  Davies,  P.  J.  A,,  Chabay,  R. ,  Zech,  L.  A.,  Berman,  M. ,  Pastan,  I.: 
Prostagladin  E^   binding  and  adenylate  cyclase  activation  in  normal 
and  transformed  fibroblasts.   Biochim.  Biophys.  Acta,  629:   282-291, 
1980 

4.  Fisher,  W.  R. ,  Zech,  L.  A.,  Bardalaye,  P.,  Warmke,  G,,  Berman,  M. : 
The  metabolism  of  apolipoprotein  B  in  subjects  with  hypertriglycer- 
edemia  and  poly  disperse  LDL.   J.  Lipid  Res.,  (In  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  peroxidase  immunocytochemical  technique  has  been  adopted  for  the  locali- 


zation of  apolipoproteins  in  human  tissue.   Antibodies  to  apolipoproteins  C-I, 
C-II,  C-III,  B,  D,  A-I,  H,  and  E  have  been  developed  in  the  Branch.   Several 
tissues  have  been  obtained  for  analysis  of  apolipoprotein  content.   Human  jejuneA 
from  Tangier  patients  was  shown  to  contain  apoA-I,  apoA-II,  and  apoB.   These 
results  were  consistent  with  data  from  metabolic  studies  which  indicated  that 
patients  with  Tangier  disease  were  able  to  synthesize  apoA-I,  apoA-II,  and  apoB. 
The  defect  in  this  disease  is  therefore  not  due  to  defective  synthesis  of  the 
apolipoproteins . 

The  coronary  atherosclerotic  lesions  of  patients  with  Type  III  hyperlipidemia 
was  investigated  and  examined  by  the  peroxidase  technique.   These  lesions  were 
similar  to  those  observed  in  "typical" atherosclerotic  lesions.   Peroxidase 
staining  revealed  that  the  foam  cells  were  positive  for  apolipoproteins  A-I, 

A-II,  B,  C-I,  and  C-II.   These  studies  have  indicated  that  apolipoproteins  as- 
sociated with  both  LDL  and  HDL  are  present  within  the  foam  cells. 
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Project  Description 

Objective: 

To  determine  the  presence  or  absence  of  apo lip op rote ins  and  their  cellu- 
lar distribution  in  tissue  from  the  intestine,  liver,  and  coronary  arteries 
in  normal  subjects  and  patients  with  dyslipoproteinemias. 

Methods  Employed: 

The  immunohistochemical  technique  reported  by  Sternberger  (J.  Histochem. 
Cytochem.  18,  315,  1970)  utilizing  peroxidase  was  modified  and  adapted  for 
immunolocalization  studies.   With  this  technique  unlabeled  monospecific  anti- 
bodies to  specific  apolipoproteins  were  employed  to  link  horseradish  peroxi- 
dase to  a  specific  tissue  apolipoprotein.   A  chromagen  is  then  precipitated 
at  this  site  via  a  redox  reaction  involving  hydrogen  peroxidase  as  the  oxi- 
dizing agent. 

Tissue  samples  were  obtained  in  paraffin  blocks  from  fresh  tissue  or 
previous  surgical  or  autopsy  specimens.   These  tissue  samples  are  sliced  on  a 
cytrostat  or  microsome  and  transferred  to  gelatinized  slides  for  peroxidase 
staining  as  well  as  staining  with  red  0,  movat,  and  hexatocylin/cosin. 

Major  Findings: 

1)  The  intestine  from  normal  subjects  contained  apoA-I,  apoA-II,  and 
apoB.   The  intensity  of  staining  for  all  apolipoproteins  increased  at  the 
villus  tip,  and  was  localized  intracellularly  particularly  in  the  supranucle- 
ar Golgi  region. 

2)  Intestinal  biopsy  samples  from  patients  with  Tangier  disease  showed 
a  positive  peroxidase  staining  for  apolipoproteins  apoA-I,  apoA-II,  and  apoB. 
The  pattern  of  staining  for  control  subjects  and  Tangier  patients  was  identi- 
cal.  These  data  are  consistent  with  the  view  that  Tangier  patients  are  able 
to  synthesize  apoA-I,  apoA-Il  and  apoB  in  their  intestinal  mucosa  despite 
strikingly  low  levels  of  these  proteins  in  their  plasma. 

3)  Foam  cells  in  atherosclerotic  plaques  were  shown  to  contain  apolipo- 
proteins A-I,  A-II,  C-I,  C-III,  and  apoB.   These  foam  cells  were  localized  to 
the  intimal  and  medial  of  the  artery.   These  studies  were  interpreted  to 
indicate   that  lipoproteins  containing  apoB,  as  well  as  HDL  have  been  local- 
ized in  foam  cells.   HDL  are  of  recent  interest  since  HDL-cholesterol  has 
been  recognized  to  be  a  negative  risk  factor  for  the  development  of  prema- 
ture cardiovascular  disease. 

4)  The  coronary  atherosclerotic  lesions  In  patients  with  Type  III  hy- 
perlipidemia  were  similar  to  the  lesions  seen  in  patients  with  Type  II  hyper- 
lipidemia.   There  was  no  evidence  of  a  unique  foam  cell  type  of  atherosclero- 
sis in  Type  III  patients. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  major  sites  of  synthesis  of  plasma  apolipoproteins  are  of  major  im- 
portance in  our  understanding  of  the  biosynthesis  and  metabolism  of  plasma 
lipoproteins.   The  intestine  has  recently  been  recognized  as  a  major  source 
of  plasma  apolipoproteins.   The  application  of  the  peroxidase  technique  will 
facilitate  our  understanding  of  the  role  of  specific  tissue  in  apolipoprotein 
biosynthesis. 

The  use  of  this  procedure  in  the  analysis  of  the  apolipoprotein  content 
of  atherosclerotic  lesions  in  normal  lipidemla  and  dyslipidemlc  subjects  will 
be  of  major  importance  in  our  detailed  analysis  of  the  molecular  mechanisms 
involved  in  the  atherosclerotic  process. 

Proposed  Course; 

Future  research  will  be  directed  to  a  further  analysis  of  the  sites  of 
synthesis  of  the  human  plasma  apolipoproteins.   In  addition,  studies  of  the 
origin  and  apolipoprotein  content  of  foam  cells  in  the  atherosclerotic  le- 
sions will  be  continued. 

Publications: 


Schwartz,  D.  E.,  Farnham,  R. ,  Schaefer,  E.  J.,  and  Brewer,  H.  B.,  Jr. 
Immunolocalization  of  Apolipoproteins  A-I,  A-II,  and  B  in  Normal  and 
Tangier  Intestinal  Mucosa.   Cell.   (In  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  metabolism  of  apolipoprotein  E  (apoE)  has  received  major  emphasis  in  the 
past  year.   ApoE  is  elevated  in  animals  with  experimental  hypercholesterolemia 
and  atherosclerosis.   In  addition,  patients  with  Type  III  hyperlipoproteinemia 
(HLP)  have  an  abnormal  apoE,  elevated  levels  of  apoE,  and  accelerated  athero- 
sclerosis. 

ApoE  from  normal  subjects.  Type  V  HLP  patients  (indistinguishable  from  normal 
apoE)  and  Type  III  HLP  patients  was  purified,  radioiodinated  and  injected  into 
normal  and  Type  III  HLP  patients.   Type  III  HLP  patients  had  4  times  the  normal 
apoE  level  and  the  residence  time  for  normal  and  Type  V  apoE  was  2  times  normal. 
Type  III  apoE  had  a  prolonged  residence  time  in  both  normal  individuals  and 
Type  III  HLP  patients.   These  results  inidcate  that  Type  III  HLP  patients  have 
a  catabolic  defect  for  Type  V  apoE.   In  addition  they  indicate  that  Type  III 
apoE  is  abnormal  and  is  metabolized  at  a  slower  catabolic  rate  in  both  normal 
individuals  and  patients  with  Type  III  HLP.   These  studies  represent  the  first 
demonstrated  molecular  defect  in  an  apolipoprotein  which  results  in  hyperlipid- 
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Project  Description 

Objectives: 

These  studies  were  performed  to  determine  the  metabolic  parameters  of 
normal  apoE  in  normal  individuals  and  Type  III  HLP  patients.   In  addition, 
the  metabolic  parameters  of  abnormal  Type  III  apoE  were  also  determined. 
ApoE  has  been  proposed  to  regulate  the  metabolism  of  the  metabolic  remnants 
of  chylomicrons  and  these  particles  may  be  atherogenic.   Animals  with 
experimentally  induced  hypercholesterolemia  have  elevated  levels  of  apoE  and 
accelerated  atherosclerosis.   Patients  with  Type  III  HLP  have  elevated  cho- 
lesterol and  triglyceride  levels,  elevated  apoE  levels,  an  abnormal  type  of 
apoE,  and  accelerated  atherosclerosis.   This  suggests  that  apoE  is  important 
in  regulating  lipoprotein  metabolism  and  may  also  be  important  in  the  de- 
velopment of  atherosclerosis.   By  studying  the  metabolic  parameters  of  apoE 
metabolism,  it  is  hoped  that  insights  will  be  gained  on  how  apoE  exerts  its 
influence  on  lipoprotein  metabolism  and  atherosclerosis. 

Methods  Employed: 

Normal  subjects  (N=ll)  and  Type  III  HLP  patients  (N=5)  were  placed  on  an 
isocaloric  balanced  diet  with  a  normal  cholesterol  level  and  normal  P/S  ratio. 
Normal,  Type  V  or  Type  III  apoE  was  radioiodinated  by  the  iodine  monochloride 
method  and  injected  into  the  study  subjects.   Timed  blood  samples  were  ob- 
tained and  the  lipoprotien  subclasses  were  separated  by  ultracentrifugation. 
ApoE  levels  were  determined  by  electroimmunoassay  and  the  radioactivity  was 
determined  in  a  gamma  counter.   The  total  amount  of  radioactivity  remaining 
in  the  body  was  measured  daily  in  a  whole  body  counter.   Plasma  residence 
times  were  determined  using  a  multiexponential  computer  curve  fitting  tech- 
nique.  Plasma  volumes,  apoE  pool  sizes,  fractional  catabolic  rates,  and 
production  rates  were  calculated  from  the  above  data. 

Major  Findings: 

1)  Normal  or  Type  V  apoE  is  catabolized  very  rapidly  in  normal  indi- 
viduals with  a  residence  time  of  about  0.34  days. 

2)  Type  V  apoE  is  catabolized  much  slower  in  Type  III  HLP  patients  with 
a  residence  time  of  about  0.62  days. 

3)  Compared  to  Type  V  apoE,  Type  III  apoE  is  catabolized  more  slowly  in 
both  normal  individuals  and  Type  III  HLP  patients. 

4)  Type  V  apoE  and  Type  III  apoE  have  a  significant  portion  of  their 
total  body  distribution  in  nonplasma  spaces  in  both  normal  individuals  and 
Type  III  HLP  patients. 

5)  The  elevated  apoE  level  in  Type  III  HLP  is  due  to  a  defect  in  catab- 
olism  of  the  abnormal  Type  III  apoE.  The  role  of  increased  synthesis  has  not 
been  determined  at  this  time. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Elevated  levels  of  apoE  are  associated  with  experimental  hypercholester- 
olemia with  atherosclerosis,  and  Type  III  HLP  with  premature  atherosclerosis. 
These  studies  have  shown  that  the  electrophoretically  abnormal  Type  III  apoE 
is  of  metabolic  significance  and  may  be  the  primary  defect  in  Type  III  HLP. 
In  addition,  the  methods  have  been  developed  and  the  control  studies  per- 
formed so  that  apoE  metabolism  in  various  other  HLP  syndromes  can  be  investi- 
gated.  These  studies  will  give  further  insight  into  the  mechanisms  by  which 
apoE  may  regulate  lipoprotein  metabolism  and  the  development  of  atheroscle- 
rosis. 

Proposed  Course: 

It  is  planned  to  continue  the  study  of  apoE  metabolism  in  normal  sub- 
jects and  HLP  patients.  In  addition,  an  apoE  radioimmunoassay  will  be  de- 
veloped in  the  near  future  so  apoE  levels  can  be  accurately  quantitated  in 
plasma  and  various  lipoprotein  subfractions. 

Publications: 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Lipoprotein  lipase  (LPL)  is  the  major  enzyme  involved  in  the  hydrolysis  of 
triglycerides  of  VLDL  and  chylomicrons.   LPL  can  be  isolated  by  heparin  affinity 
chromatography  from  human  post  heparin  plasma.   ApoC-II  is  a  well  known  acti- 
vator of  the  enzymic  activity  of  LPL.   ApoH  is  a  recently  describdd  protein 
(g2-glycoprotein-I)  constituent  of  triglyceride  rich  lipoproteins  in  human  lymph 
and  plasma.   ApoH  has  been  shown  to  increase  the  enzymic  activity  of  LPL  in  the 
presence  of  apoC-II  by  45+/-17  percent.   ApoC-III  decreased  the  apoH  and  apoC- 
III  enhanced  activity  by  LPL  by  77  percent.   These  results  provide  evidence  that 
this  new  apolipoprotein,  apoH,  modulates  the  enzymic  activity  of  LPL  in  triglyc 
eride  metabolism.   The  ultimate  proportions  of  apoH,  apoC-II,  and  apoC-III  in 
triglyceride  rich  lipoprotein  particles  may  determine  the  ultimate  rate  of  LPL 
catalyzed  triglyceride  hydrolysis. 
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Project  Description 

Objective; 

1)   Factors  which  modulate  the  enzymic  activity  of  lipoprotein  lipase 
(LPL)  are  of  major  interest  since  changes  in  the  extent  of  hydrolysis  of  tri- 
glyceride and  lipoproteins  may  be  associated  with  hyperlipidemia  and  ather- 
osclerosis.  We  have  therefore  undertaken  a  systematic  evaluation  of  the 
effect  of  human  plasma  apolipoproteins  on  the  enzymic  activity  of  purified 
human  LPL. 

Methods  Employed: 

Human  post  heparin  plasma  containing  hepatic  lipase  (HL)  and  LPL  was 
obtained  from  normal  subjects  following  intraveneous  injection  of  sodium 
heparin  (75ii/kg  body  weight).   Blood  was  collected  15  mln.  after  injection 
for  analysis.   LPL  was  separated  from  HL  by  heparin-sepharose  affinity  chro- 
matography of  PHLA.   The  substrate  for  enzyme  assay  was  a  3[H]glycerol  trio- 
leate-lecithin  complex  containing  bovine  serum  albumin.   Apolipoproteins  used 
for  study  were  purified  by  standard  techniques  including  gel  permeation,  ion 
exchange  and  affinity  chromatography.   Of  particular  importance  was  the  iso- 
lation of  apoH  (g2~glycoprotein-I)  by  heparin  affinity  chromatography  of  TMU 
delipidated  lymph  chylomicrons  or  triglyceride  rich  lipoproteins  of  density  < 
1.006  g/ml.   All  apolipoproteins  were  shown  to  be  homogeneous  on  SDS  gel 
electrophoresis . 

Major  Findings: 

LPL  isolated  by  heparin  affinity  chromatography  from  post  heparin  plasma 
was  maximally  activated  21+4  fold  (N=10)  by  2.5-10  pg/ml  of  apoC-II.   Con- 
centrations greater  than  10  Mg/ml  were  associated  with  progressively  less 
activation  of  enzymic  activity. 

ApoH  (32~glycoprotein-I)  purified  from  human  plasma  lipoproteins  or 
thoracic  duct  lymph  also  stimulated  the  enzymic  activity  of  LPL.   In  experi- 
ments (N=5)  using  LPL  isolated  from  normal  subjects  (N=2)  apoH  increased  LPL 
enzymic  activity  (assayed  in  the  presence  of  2.5  yg/ml  apoC-II)  by  45  +  17% 
above  central  values.   ApoH  also  caused  a  slight  activation  of  LPL  activity  in 
the  absence  of  apoC-II.   ApoC-III  inhibited  the  enhanced  enzymic  activity  of 
LPL  produced  by  apoC-II  and  apoH  +  apoC-II.   A+  maximal  concentrations  of  apo- 
C-III  (40yg/ml),  an  86%  inhibition  of  apoC-II,  and  a  77%  reduction  of  apoH  + 
apoC-II  stimulated  activity  of  LPL  was  observed. 

The  results  from  these  studies  provide  evidence  for  the  concept  that  the 
enzymic  activity  of  LPL  in  triglyceride  metabolism  is  modulated  by  several 
apolipoproteins  including  apoH,  apoC-II,  and  apoC-III.   These  findings  may 
have  important  implications  in  elucidating  the  molecular  mechanisms  involved 
in  triglyceride  metabolism  in  normal  and  hypertriglyceridemic  subjects. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  modulation  of  the  enzymic  activity  of  LPL,  the  major  enzyme  involved 
in  triglyceride  hydrolysis,  is  of  povital  importance  in  our  understanding  of 
lipoprotein  transport  and  metabolism.   Triglyceride  rich  lipoproteins  accumu- 
late in  several  clinical  disorders  of  lipoproteins,  one  of  which  Type  III, 
hyperlipidemia  is  associated  with  atherosclerosis.   Other  disorders  including 
patients  with  Types  I  and  V  have  hypertriglyceredemia  often  associated  with 
recurrent  pancreatitis.   The  elucidation  of  a  new  apolipoprotein,  apoH,  as  a 
cofactor  for  the  enzyme  LPL  is  of  major  importance  since  it  is  only  the  second 
apolipoproteins  shown  to  be  associated  with  increased  enzymic  activity.   These 
studies  will  fascilitate  our  studies  which  are  directed  toward  the  elucidation 
of  the  major  factors  involved  in  the  regulation  of  triglyceride  hydrolysis  and 
lipoprotein  catabolism. 

Proposed  Course; 

Detailed  analysis  of  the  interaction  of  apoC-II  and  apoH  on  LPL  cataly- 
sed triglyceride  hydrolysis  will  be  continued.   The  effect  of  apoH  on  natural 
substrates  including  chylomicrons  and  VLDL  will  be  investigated.   The  concen- 
tration of  apoH  in  disorders  of  triglyceride  metabolism  and  hyperlipidemia 
will  be  initiated  and  a  systematic  research  for  disorders  of  apoH  metabolism 
will  be  undertaken. 

Publications: 


1.   Nakaya,  Y.,  Schaefer,  E.  J.,  and  Brewer,  H.  B.,  Jr.:   Activation  of 
Human  Post  Heparin  Lipoprotein  Lipase  by  Apolipoprotein  H  (g2-glyco- 
protein-I) .   Biochem.  Biophys.  Res.  Comm.  (In  Press) . 
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Annual  Report  of  the 
Laboratory  of  Molecular  Hematology 
National  Heart,  Lung,  and  Blood  Institute 
October  1,  1979  to  September  30,  1980 

The  Laboratory  of  Molecular  Hematology  (LMH)  studies  the  basic  molecular 
mechanisms  of  gene  expression  and  protein  synthesis,  specifically  using  hemo- 
globin as  a  model  system.   LMH  is  closely  associated  with  the  Clinical  Hema- 
tology Branch  (CHB)  and  collaborates  on  a  number  of  joint  projects.   LMH  is 
composed  of  three  segments:  the  Section  of  Molecular  Genetics,  which  is  pri- 
marily concerned  with  the  molecular  control  of  eukaryotic  gene  expression; 
the  Section  of  Molecular  Cloning,  which  is  primarily  concerned  with  the  iso- 
lation and  characterization  of  globin  and  other  genes  from  the  genomes  of 
eukaryotic  cells ;  and  the  Section  of  Protein  Biosynthesis ,  which  is  primarily 
concerned  with  the  mechanism  and  regulation  of  hemoglobin  synthesis  at  the 
translational  level. 

SECTION  OF  MOLECULAR  GENETICS 

The  imnediate  objectives  of  this  section  are  to:   (1)  identify,  isolate 
and  characterize  the  regulatory  factors  and  regulatory  regions  of  aninnal  and 
human  DNA  which  are  involved  in  the  control  of  the  expression  of  the  globin 
genes  and  (2)  develop  methods  for  transferring  functional  genes  into  tissue 
culture  cells  and  intact  animals.  Information  from  these  programs  will  be 
used  to  study  the  regulation  of  globin  gene  expression  in  normal  and  in 
thalassemic  DNA.  The  long-term  goal  is  to  develop  means  whereby  globin  gene 
expression  can  be  corrected  in  patients  with  beta  thalassemia  and  other 
diseases  involving  abnomial  hemoglobin  biosynthesis. 

Regulatory  factors  controlling  the  expression  of  the  globin  genes  have 
been  identified  by  a  combination  of  cell  biology  and  molecular  biology 
techniques.   Somatic  cell  hybrids,  obtained  by  fusion  of  human  or  animal 
cells  with  mouse  erythroleukemia  (MEL)  cells,  have  been  used  to  provide  evi- 
dence for  positive  and  negative  regulatory  factors  controlling  globin  gene 
expression.   In  order  to  purify  and  characterize  these  putative  regulatory 
factors,  intact-cell  and  cell-free  assays  have  been  established. 

Besides  somatic  cell  hybridization,  several  other  methods  of  gene  trans- 
fer have  been  used  to  insert  genes  into  tissue  culture  cells.  The  most 
successful  of  these  has  been  the  technique  of  physical  microinjection  in 
which  a  single  copy  of  a  specific  gene  can  be  injected  into  the  nucleus  of  a 
single  cell  under  conditions  whereby  the  injected  cell  can  be  grown  in  cul- 
ture into  a  cloned  population  with  or  without  selective  pressure.  This 
technique  was  successfully  used  this  year  (see  below)  to  correct  a  mouse 
thymidine  kinase  (TK)  negative  L  cell  by  microinjection  of  a  bacterial  plas- 
mid  containing  a  TK  gene. 

The  Section  has  succeeded,  during  the  past  year,  in  demonstrating  that: 
DA  genetically  defective  tissue  culture  cell  can  be  corrected  by  micro- 
injection of  the  normal  gene.  A  mixture  of  two  recombinant  plasmids  was 
microin j ected  into  mouse  TK~  L  cells.   One  plasmid  contained  a  herpes  simplex 
TK  gene  and  the  other  contained  the  human  beta  globin  gene.^  Colonies  arising 
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from  injected  cells,  incubated  in  selective  medium,  were  shown  to:   (a)  pro- 
duce functionally  active  herpes  simplex  TK  enzyme,  (b)  replicate  the  human 
beta  globin  gene,  and  (c)  produce  human  beta  globin  mRNA  sequences  at  low 
levels.  Thus,  the  genetic  defect  (lack  of  TK  activity)  was  corrected  by  the 
microin j ected  TK  gene,  and  a  co- injected  human  beta  globin  gene  was  replicated 
and  weakly  expressed. 

2)  A  cell-free  transcription  assay  can  be  used  in  purifying  transcription 
initiation  factors.  The  assay,  originally  developed  by  Roeder  and  colleagues 
for  use  in  locating  the  promoter  region  of  Ad-2  viral  genes,  has  been  set  up 
and  modified  slightly  for  use  in  screening  MEL  cell  fractions  for  transcrip- 
tional initiation  factors.  A  crude  extract  of  MEL  cells  has  been  demonstrated 
to  contain  transcription  initiation  factor  activity.   Fractionation  of  this 
crude  extract  is  now  underway. 

3)  The  three  known  strains  of  alpha  thalassemia  mice  all  have  a  deletion  of 
part  or  all  of  their  alpha  globin  gene  sequences.   In  addition,  the  hetero- 
zygous mice  have  an  alpha/beta  globin  mRNA  and  an  alpha/beta  globin  chain 
ratio  of  around  0.8,  rather  than  0.5  as  expected.  Thus,  a  compensatory 
mechanism  for  alleviating  the  gene  deletion  mutation  appears  to  exist  in  these 
mouse  lines. 

SECTION  OF  MOLECULAR  CLONING 


The  objective  of  this  Section  is  to  apply  molecular  cloning  technology 
to  the  analysis  of  genomic  DNA  sequences  involved  in  the  regulation  of  gene 
expression  in  humans  and  animals. 

The  Section  has  succeeded,  during  the  past  year,  in: 

1)  Demonstrating  that  covalently-closed-circular  parental  and  hybrid  bacte- 
rial plasmids  can  be  rescued  from  mouse  L  cells  which  had  been  microin j ected 
with  parental  plasmids.  Two  recombinant  bacterial  plasmids  were  used  in  the 
microinjection  experiments  described  above:   one  containing  the  TK  gene  of 
herpes  simplex  virus  (plasmid  xD^  ^nd  the  second  containing  a  human  genomic 
DNA  fragment  within  which  is  the  human  beta  globin  gene  (plasmid  pRKl) .  DNA 
isolated  from  one  of  the  microin j ected  colonies  was  used  in  bacterial  trans- 
formation experiments.  pRKl  molecules  identical  to  those  originally  injected 
were  isolated.   In  addition,  five  different  classes  of  recombinant  molecules 
were  recovered,  all  of  which  appear  to  contain  a  common  deletion  endpoint. 
Four  of  the  recombinant  classes  apparently  arose  from  a  deletion  of  segments 
of  pRKl  trimeir  or  dimer  molecules ,  while  the  fifth  recombinant  class  resulted 
from  recombination  between  pRKl  and  xl  followed  by  a  deletion  event  within 
this  recombinant.  Extensive  reconstitution  experiments  indicate  that  these 
plasmid  recombination  and  deletion  events  occurred  within  the  mouse  cell. 
Thus,  microin j ected  bacterial  plasmids  can  exist  in  the  non- integrated  state 
in  mouse  L  cells. 

2)  Subcloning  into  the  plasmids  pBR322  and  pBR325  various  regions  of  human 
and  mouse  genomic  DNA  from  bacteriophage  clones.  These  subclones  are  being 
used  by  both  LMH  and  CHB  to  facilitate  more  detailed  analysis  of  globin  and 
TK  gene  regions.   In  addition,  genomic  plasmid  clones,  together  with  other 
plasmid  and  bacterial  clones  containing  a  number  of  specific  globin  and  TK 
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gene  sequences,  have  been  prepared  for  use  as  hybridization  probes  in  a  wide 
range  of  experiments  carried  out  in  both  laboratories. 

SECTION  OF  PROTEIN  BIOSYNTHESIS 

The  objectives  of  this  Section  are  to:   (1)  determine  the  mechanisms 
involved  in  translational  control  of  pixDtein  synthesis;  (2)  identify  and 
characterize  protein  and  nucleic  acid  translational  components  participating 
in  these  regulatory  mechanisms;  and  (3)  examine  the  regulation  of  globin  gene 
expression  at  the  translational  level  in  nomnal  and  disease  (e.g. ,  thalasseraic) 
states . 

Translational  regulation  of  protein  biosynthesis  by  hemin,  double- 
stranded  RNA  and  oxidized  glutathione  appears  to  involve  changes  in  the  phos- 
phorylation state  of  elF-2.   It  has  become  apparent,  however,  that  a  simple 
relationship  does  not  exist  between  alterations  of  the  phosphorylation  state 
of  eIF-2  and  translational  activity.  While  phosphorylation  of  eIF-2  appears 
to  be  a  necessary  conponent  of  hemin-regulated  translational  inhibition,  it 
does  not  appear  to  be  sufficient  and  other  types  of  covalent  modifications 
(e.g.,  oxidation/reduction  of  cysteine  residues)  may  participate  in  the  over- 
all mechanism. 

During  the  past  year,  the  Section  has  successfully: 

1)  Purified  a  specific  eIF-2  phosphatase  to  homogeneity  and  characterized  its 
activity. 

2)  Measured  the  phosphorylation  state  of  eIF-2  in  lysate  under  a  variety  of 
physiologic  states. 

3)  Developed  reticulocyte  lysate  translation  systems  which  allow  the  specific 
inactivation  of  major  regulatory  components  such  as  eIF-2a  kinase  and  eIF-2. 
This  has  allowed  the  study  of  regulatory  mechanisms  other  than  phosphorylation. 

4)  Demonstrated  that  oxidation/reduction  can  regulate  translation  by 
mechanisms  which  do  not  involve  alteration  of  the  eIF-2  phosphorylation  state. 

5)  Demonstrated  that  the  formation  of  mixed  eIF-2: glutathione  disulfides  can 
alter  site  accessibility  of  eIF-2a  kinase. 

6)  Shown  that  sodium  selenite,  a  toxic  but  easily  reversible  sulfhydryl  group 
reagent,  inhibits  translational  activity  by  the  specific  inactivation  of 
eIF-2  by  a  mechanism  involving  formation  of  mixed  protein-glut athione  disul- 
fides and  eIF-2  phosphorylation.  The  kinetics  of  inhibition  strongly  suggest 
a  multistep  inactivation  of  elF-2  which  involves  its  initial  phosphorylation. 
As  a  result,  a  greater  understanding  of  the  relationship  between  eIF-2a 
kinase,  eIF-2a  phosphatase,  the  physicochemical  state  of  eIF-2,  and  the  meta- 
bolic state  of  the  cell  has  been  achieved.  Detailed  investigations  of  each 
of  these  four  determinants  of  the  eIF-2  phosphorylation  state  and  their 
relationship  to  catalytic  eIF-2  recycling  are  being  pursued. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  study  the  regulation  of  the  globin  genes 
at  the  molecular  level.  The  approach  is  to  identify  regulatory  factors  which 
influence  globin  gene  expression.  Evidence  has  been  obtained  for  the  existence 
of  a  positive  regulatory  fact or (s)  in  induced  2S  mouse  erythroleukemia  cells 
which  can  turn  on  the  human  fibroblast  alpha  and  beta  but  not  gamma  globin  genes 
in  MEL  X  human  fibroblast  hybrids.  Attempts  are  being  made  to  isolate,  purify 
and  characterize  regulatory  factors  using  cell-free  transcription  systems. 
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Objectives:  The  objective  of  this  project  is  to  isolate  the  factors  involved 
in  the  expression  of  eukaryotic  genes  (specifically  those  for  hemoglobin)  and 
to  understand  how  they  interact  with  the  regulatory  sequences  of  DNA  in  order 
to  control  gene  expression  within  the  intact  cell.  We  have  already  shown  tint 
mouse  erythpoleukemia  (MEL)  cells,  which  are  used  as  a  model  system  for  red 
blood  cell  differentiation,  contain  a  positive  regulatory  factor  involved  in 
globin  gene  expression.  The  procedure  is  to  fractionate  these  cells  into 
various  components  which  can  be  individually  tested  either  by  physical  micro- 
injection into  target  cells  or  in  cell- free  transcription  assays  for  their 
ability  to  alter  globin  gene  expression. 

Methods : 

1)  Cells  are  grown  under  standard  tissue  culture  conditions.  MEL  cells  are 
fused  by  means  of  inactivated  Sendai  virus  (or  polyethylene  glycol)  to  other 
somatic  cells  which  normally  are  either  capable  or  incapable  of  synthesizing 
hemoglobin.  Chromosome  and  isozyme  analyses  are  done  by  standard  cell  biology 
techniques . 

2)  Cell  hybrids  are  analyzed  for  their  ability  to  synthesize  globin  messen^r 
RNA  (mRNA)  or  globin.  Globin  mRNA  is  detected  by  hybridization  with  the 
appropriate  complementary  DNA  (cDNA) ;  the  presence  of  globin  is  detected  by 
radioactive  leucine  incorporation  followed  by  either  electrophoresis  or  column 
chromatography. 

Major  Findings: 

1)  The  human,  beta,  and  gamma  globin  genes  in  the  2S  MEL  x  human  fibroblast 
somatic  cell  hybrid  XX- 8  (which  was  previously  shown  to  produce  a  globin  gene 
specific  positive  regulatory  factor  after  induction)  have  been  further  char- 
acterized. DNase  I  studies  on  the  chromatin  of  the  uninduced  and  induced 
hybrid  cells  demonstrate  that  the  human  gamma  globin  gene  is  closed  in  both 
states,  while  the  human  beta  globin  gene  is  closed  in  the  uninduced  cell  but 
open  in  the  induced  cell.  This  implies  that  the  positive  regulatory  factor 
might  act  at  the  level  of  chromatin  conforroation.  In  addition,  even  though 
the  induced  XX- 8  cells  produced  human  beta  globin  mRNA,  no  human  beta  globin 
chains  were  detected,  as  shown  by  carboxymethylcellulose  chromatography,  acid 
urea  polyacrylamide  gels,  and  antibody  displacement  reactions.  Thus,  post- 
transcriptional  regulation  of  human  beta  globin  synthesis  might  take  place  in 
these  cells. 

2)  Human  chromosome  (HC)  11  has  been  selectively  retained  in  the  2S  MEL  cells 
by  fusing  HGPRT-  2S  MEL  cells  with  human  fibroblasts  containing  an  X-11  trans- 
location, and  then  growing  the  hybrid  cells  in  HAT  selective  medium.  The  X 
portion  of  the  chimeric  chromosome  contains  the  HGPRT  gene,  permitting 
survival  in  HAT  medium,  and  the  11  portion  contains  the  beta  globin  gene  as 
demonstrated  by  Southern  blot  analysis.  The  questions  of  chrcmatin  structure 
and  post-transcriptional  regulation,  studied  above  using  XX-8  somatic  cell 
hybrids  (in  which  HC  11  is  being  randomly  lost  during  cell  divisions)  are  now 
being  studied  using  a  clone  of  these  new  hybrid  cells:  MllX-3. 
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3)  Transcription  initiation  factor  activity  has  been  detected  in  crude  ex- 
tracts of  2S  MEL  cells  using  the  assay  published  by  Roeder  and  his  colleagues 
for  identifying  specific  initiation  on  Ad-2  viral  templates.   Large  scale 
purification  procedures  are  now  being  set  up  in  order  to  identify,  purify  and 
characterize  individual  regulatory  factors  from  the  2S  MEL  cells. 

Significance  to  Biomedical  Research  and  Institute  Program: 

The  molecular  control  of  eukaryotic  gene  expression  remains  one  of  the  major 
questions  in  biology  today.   Once  it  is  better  understood  how  a  gene  in  a 
eukaryotic  cell  is  controlled,  this  knowledge  can  be  applied  to  a  wide  range 
of  human  diseases  including  genetic  diseases,  viral  diseases,  cancer,  etc. 

Proposed  Course  of  Project: 

Fractionation  of  cell  components  from  2S  MEL  (and  other)  cells  to  identify, 
purify  and  characterize  individual  regulatory  factors  involved  in  gene  expres- 
sion. The  biological  function  of  the  individual  factors  will  be  studied  both 
in  regards  to  their  ability  to  interact  with  DNA  and  their  ability  to  control 
the  regulation  of  gene  expression. 

Publications : 

1)  Gopalakrishnan,  T.  V.,  and  Anderson,  W.  F. :  Epigenetic  activation  of 
phenylalanine  hydroxylase  in  mouse  erythroleukemia  cells  by  the  cytoplast 
of  rat  hepatoma  cells.   Proc.  Natl.  Acad.  Sci.  USA  76:   3932-3936,1979. 

2)  Gopala]<rishnan ,  T.  V.,  and  Anderson,  W.  F. :  Mouse  erythroleukemia  cells. 
Methods  in  Enzymology  LVIII:   506-511,  1978. 

3)  Sanders-Haigh,  L. ,  Anderson,  W.  F. ,  and  Francke,  U. :  The  human  beta 
globin  gene  is  on  the  short  arm  of  human  chromosome  11.  Nature  283:   683- 
686,  1980. 

4)  Anderson,  W.  F. :   Control  of  gene  expression.   In  Reid,  C.  D.  (Ed.): 
Proceedings  of  the  Conference  on  Prenatal  Diagnosis  of  Fetal  Hemoglobin- 
opathies,  NIH  Riblication  Number  80-1529,  pp.  227-230,  1980. 

5)  Anderson,  W.  F. :   Regulation  of  globin  gene  expression  at  the  molecular 
level.  Ann.  N.  Y.  Acad.  Sci.  344:   262-278,  1980. 
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SUMMARY  OF  WORK. (200  words  or  less  -  underliae  keywords)  ,     -,   ^   „„.  ^     -,   ,  .     •    •_^,,^^  ^- 

Regulatxon  of  protein  synthesis  st   the  level  of  mRNA  translation  is  urportant 
for:  (1)  viral  shut-off  of  host  protein  synthesis,  (2)  rapid  adjustments  to 
changing  metabolic  conditions,  and  (3)  coordination  of  heme-globin-biosynthesis 
during  red  blood  cell  maturation.  Trans lational  regulation  involves  changes  in 
the  phosphorylation  state  of  the  initiation  factor  eIF-2.  We  have  therefore 
studied  the  role  of  eIF-2  phosphorylation  during  protein  synthesis  initiation,  and 
its  regulation  by  the  adenylate  energy  change,  the  pyridine  nucleotide  redox  state 
and  hemin,  in  reticulocyte  lysate  and  intact  cells.  We  have  identified  and  char- 
acterized four  distinct  components  which  regulate  the  steady  state  phosphorylation 
level  and  activity  of  the  initiator  methionyl-tRNAf  binding  protein  eIF-2,  (l)elF- 
2a _ kinase,  (2)  eIF-2  phosphatase,  (3)  conformational  state  of  eIF-2  and  C4)  the 
oxidation-reduction  state  of  eIF-2.   Determination  of  the  eIF-2  pool  size,  direct 


chemical  measurement  of  the  eIF-2  phosphorylation  state,  and  correlation  of  these 
with  extent  and  kinetics  of  onset  of  translational  inhibition  now  show  that  while 
phosphorylation  of  eIF-2  does  not  directly  inhibit  its  activity,  phosphorylation 
is  required  for  additional  modifications  of  eIF-2  which  result  in  conversion  from 
catalytic  to  stoichiometric  utilization  of  eIF-2 .  _ 

PHS-6040 
(Rev.  10-76) 


Project  Number  ZOl  HL  02213-03  MH 

Objectives:  The  major  goals  are  to  (1)  determine  the  sites  and  mechanisms  of 
translational  control  of  protein  synthesis,  (2)  to  identify,  isolate,  and 
characterize  the  translational  and  regulatory  components  involved  in  such 
regulation,  and  (3)  to  examine  the  participation  of  these  mechanisms  in  the 
regulation  of  globin  gene  expression  in  normal  and  diseased  states.  We  have 
purified  and  characterized  a  specific  eIF-2  phosphatase  and  are  examining  the 
control  and  specificity  of  this  activity  in  unfractionated  reticulocyte  lysate. 
The  relationships  between  eIF-2,  methionyl-tRNA^^  binding  activity,  the  oxida- 
tion -  reduction  state  of  unpaired  cysteine  residues  on  eIF-2 ,  and  the  glucose- 
6-phosphate  dehydrogenase /glutathione  reductase  system  are  being  investigated. 
We  have  developed  rapid  and  sensitive  assay  procedures  to  study  the  regulation 
of  eIF-2a  kinase  and  phosphatase  activities  in  unfractionated  systems.  Using 
these  techniques,  we  hope  to  achieve  a  quantitative  determination  of  the  num- 
ber of  phosphorylation  sites  and  the  extent  of  eIF-2  phosphorylation  under  a 
wide  variety  of  physiologic  conditions  in  which  the  initiation  of  protein  syn- 
thesis is  regulated  at  the  point  of  eIF-2-mediated  methionyl-tRNA^  binding. 

Methods :  The  phosphorylation  state  of  eIF-2  in  unfractionated  lysate  under 
different  m.etabolic  conditions  is  determined  by  two-dimensional  polyacrylamide 
gel  electrophoresis  or  the  isolation  of  eIF-2  using  suitable  precautions  to 
eliminate  eIF-2  kinase  and  phosphatase  activity  during  the  purification  pro- 
cedure. The  specific  activity  of   P  in  the  adenine  and  guanine  nucleotide 
pools  is  maintained  constant  by  substrate  level  phosphorylation  according  to 
the  procedure  of  Glynn  and  Chappell.  Thin  layer  PEI  chromatography  is  used  to 
measure  the  specific  activities  of  the  nucleotide  and  phosphate  pools.  The 
phosphate  content  of  the  elF-2a  and  3  subunits  resolved  by  two-dimensional 
polyacrylamide  gel  electrophoresis  is  determined  by  the  specific  activity  of 
the  ATP  pool  and  the  size  of  the  eIF-2  pool.  The  phosphorylation  state  of 
eIF-2  isolated  from  reticulocyte  lysate  incubated  under  defined  physiologic 
conditions  is  determined  as  alkalai- labile  phosphate  by  the  procedure  of  Ames. 
Specific  pre- initiation  complexes  formed  during  the  initiation  of  protein 
synthesis  in  normal  and  inhibited  reticulocyte  lysate  are  isolated  using 
sucrose  density  gradient  centrifugation.   RNA  components  are  quantitatively 
identified  by  nucleotide  hybridization  techniques.  Radiolabeled  aminoacyl- 
and  peptidyl-tRNAs  are  determined  as  cetyltrimethylaramonium  bromide  precipi- 
tate. Protein  components  are  identified  by  direct  or  autoradiographic 
visualization  of  sucrose  gradient  fractions  following  resolution  by  poly- 
acrylamide gel  electrophoresis.  Translational  components  are  purified  from 
these  specific  preinitiation  complexes  using  ion  exchange  column  chromatog- 
raphy, glycerol  and  sucrose  density  gradient  centrifugation,  gel  filtration, 
and  affinity  column  chromatography.  Unfractionated  messenger- RNA-dependent 
and  gel-filtered  reticulocyte  lysate  preparations,  as  well  as  purified  trans- 
lational components,  are  used  in  these  studies. 

Major  Findings: 

1)  The  phosphate  content  of  the  purified  eIF-2a,  6  and  y  subunits  has  been 
determined  by  direct  chemical  analysis  following  their  purification  by  CM 
cellulose  chromatography.  The  phosphate  content  of  elF-26  is  2  pmol  phos- 
phate/pmol  subunit.  The  a  and  y  subunits  of  eIF-2  contain  less  than  0.1  pnol 
phosphate /pmol  subunit.  When  lysate  is  incubated  in  the  absence  of  hemin, 
the  phosphate  content  of  eIF-26  remains  unchanged  but  the  phosphate  content  of 
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of  eIF-2a  increases  from  0.1  to  0.3  pmol  phosphate/pmol  subunit.  Under  all 
conditions,  no  phosphate  can  be  detected  in  eIF-2Y.  Using  eIF-2  preparations 
which  have  previously  been  totally  dephosphorylated  by  eIF-2  phosphatase,  we 
find  that  eIF-23  contains  two  phosphorylation  sites  which  can  be  phosphoryl- 
ated  by  a  cAMP- independent  eIF-23  kinase.   eIF-2a  contains  a  single  phosphoryl- 
ation site  which  is  specifically  phosphorylated  by  the  cAMP-independent  eIF-2a 
kinase.   Since  protein  synthesis  initiation  in  hemin-deficient  lysate  is  in- 
hibited by  greater  than  95%,  but  the  inaximum  extent  of  eIF-2a  phosphorylation 
is  30%,  it  is  clear  that  a  simple  relationship  does  not  exist  between  the 
phosphorylation  of  elF-2a  and  the  mechanism  of  translational  inhibition  in 
hemin-deficient  lysates. 

2)  eIF-2  phosphatase  has  been  purified  to  homogeneity.   elF-2  phosphatase  has 
a  native  molecular  weight  of  100,000  daltons  and  contains  one  60,000  and  one 
38,000  dalton  subunit.  The  activity  of  eIF-2  phosphatase  appears  to  be  reg- 
ulated primarily  by  the  confirTiiation  of  its  substrate,  eIF-2.   In  the  presence 
of  GTP,  eIF-2a  is  rapidly  dephosphorylated.  Elevated  GDP  inhibits  both  the 
rate  and  extent  of  eIF-2a  dephosphorylation.   Oxidation  of  unpaired  cysteine 
residues  on  the  3  and  y  subunits  to  form  a  mixed  eIF-2-glutathione  disulfide 
also  inhibits  the  rate  and  extent  of  eIF-2a  dephosphorylation.   Purified  elF- 
2  phosphatase  will  dephosphorylate  both  the  a  and  3  subunits  of  eIF-2.   In 
unfractionated  lysate,  phosphate  present  on  the  3  subunit  of  eIF-2  is  not 
removed  under  conditions  where  there  is  a  rapid  turnover  of  phosphate  on  elF- 
2a.  The  presence  of  other  components  in  lysate  which  regulate  the  specif icit/ 
of  eIF-2  phosphatase  is  suggested,  since  the  addition  of  purified  eIF-2  phos- 
phatase to  unfractionated  lysate  is  accompanied  by  the  loss  of  its  ability  to 
dephosphorylate  the  3  subunit  of  eIF-2. 

3)  The  mechanism  of  protein  synthesis  inhibition  which  results  from  the 
removal  of  low  molecular  weight  components  by  gel  filtration  of  lysate  has 
been  demonstrated  to  result  from  the  conversion  of  eIF-2  utilization  from  a 
highly  catalytic  process  to  a  stoichiometric  one.  Although  biphasic  kinetics 
of  inhibition  are  observed,  this  inhibition  of  eIF-2  reutilization  does  not 
involve  alteration  of  the  phosphorylation  state  of  the  eIF-2a  suburdt.  Rather, 
the  oxidation  of  unpaired  cysteine  residues  on  the  3  and  y  subunits  of  eIF-2 
to  form  mixed  eIF-2-glutathione  disulfides  appears  to  reduce  the  capacity  of 
eIF-2  to  be  reutilized  in  subsequent  rounds  of  initiation.  The  specific 
defect  may  involve  a  failure  of  eIF-2-GDP  to  dissociate  upon  release  of  eIF-2 
from  the  48S  preinitiation  complex. 

4)  The  mechanism  by  which  sodium  selenite  inhibits  the  initiation  of  protein 
synthesis  has  been  determined.   Sodium  selenite  is  a  unique  sulfhydryl  group 
reagent  in  that,  in  the  presence  of  excess  sulfhydryl  group  reagents,  it 
spontaneously  decomposes  to  elemental  selenium,  which  is  essentially  inert. 
The  addition  of  sodium  selenite  to  unfractionated  reticulocyte  lysate  can 
directly  inactivate  eIF-2  since  this  protein  synthesis  initiation  factor  con- 
tains sensitive  sulfhydryl  groups.   In  addition,  the  eIF-2a  kinase  is  also 
activated  by  sodium  selenite.  Although  the  activity  of  eIF-2  inactivated  by 
selenite  can  be  restored  by  the  addition  of  NADP-linked  substrates  which  re- 
generate excess  reduced  glutathione,  the  activity  of  eIF-2a  kinase  remains 
elevated.  This  leads  to  an  increased  phosphorylation  state  of  the  eIF-2a 
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subunit.  Titration  of  selenite  into  reticulocyte  lysate  can  produce  a  graded 
extent  of  eIF-2a  phosphorylation.  However,  despite  a  six- fold  difference  in 
the  extent  of  eIF-2a  phosphorylation  that  can  be  achieved,  the  extent  of  trans- 
lational  inhibition  is  identical.  The  correlation  that  does  exist  between  the 
extent  of  elF-2a  phosphorylation  is  that  the  time  of  onset  for  translational 
inhibition  to  occur  is  decreased  the  greater  the  extent  of  eIF-2a  phosphoryl- 
ation. This  may  indicate  the  presence  of  a  multi-step  mechanism  of  inhibition 
in  which  the  initial  phosphorylation  of  eIF-2a  predisposes  elF-2  to  undergo  a 
second  modification  which  then  is  responsible  for  the  inhibition  of  eIF-2  and 
protein  synthesis  initiation. 

5)  The  function  of  each  of  the  three  eIF-2  a,  3  and  y  subunits  is  being 
investigated  using  native  preparations  of  elF-2  which  have  been  isolated  con- 
taining only  two  of  the  three  subunits  normally  found.   Initial  studies  have 
demonstrated  that  the  y   subunit  of  elF-2  is  responsible  for  binding  Met-tRNAr:- 
The  a  subunit  of  eIF-2,  which  undergoes  phosphorylation  by  a  specific,  hemin- 
regulated  protein  kinase,  appears  to  regulate  the  activity  of  elF-2  or  its 
ability  to  recycle.  The  3  subunit  of  eIF-2  may  be  directly  involved  in  the 
reactivation  of  eIF-2  and  dissociation  of  GDP  following  its  release  from  the 
483  preinitiation  complex. 

Significance  to  Biomedical  Research  and  Institute  Program: 

Although  regulation  at  the  level  of  transcription  is  currently  thought  to  be 
the  primary  mechanism  for  regulating  the  flow  of  genetic  information, 
modulation  of  protein  synthesis  has  recently  assumed  increased  importance. 
Translational  regulation  has  been  identified  as  a  major  feature  of  host-virus 
interaction.   Regulation  of  protein  synthesis  by  hemin  was  once  thought  to  be 
a  highly  specialized  means  of  coordinating  globin  chain  and  hemin  s^Tithesis 
in  reticulocytes ;  it  now  appears ,  however ,  to  be  a  widespread  mechanism  for 
post-transcriptional  modulation  of  gene  expression  involving  a  cascade  of 
highly  specific  protein  kinases  and  other  covalent  modifiers.   Final  control 
of  gene  expression  during  cell  differentiation  may  also  be  regulated  by  inter- 
action of  translational  components  with  messenger  RNA.   It  is  essential, 
therefore,  to  understand  the  basic  mechanisms  involved  in  these  processes  to 
be  able  to  control  gene  expression  in  the  cell. 

Proposed  Course  of  the  Project: 

The  specific  kinase  and  phosphatase  which  regulate  the  phosphorylation  state 
of  eIF-2  will  be  used  to  obtain  preparations  of  eIF-2  in  a  defined  phosphoryl- 
ation state.  Peptides  containing  the  phosphorylation  sites  will  be  isolated 
using  high  pressure  liquid  chromatography  and  sequenced.  The  redox  system 
present  in  unfractionated  reticulocyte  lysate  which  influence  the  formation 
of  mixed  e IF- 2 -glutathione  disulfides  will  also  be  examined.   The  overall 
goal  of  both  of  these  approaches  will  be  to  understand  the  mechanism  which 
normally  allows  catalytic  recycling  of  eIF-2,  and  the  defect (s)  which  occur 
during  translational  regulatory  mechanisms  which  convert  catalytic  utiliza- 
tion of  eIF-2  to  stoichiometric  utilization  and  translational  inhibition.  We 
have  also  initiated  studies  leading  to  the  establishment  of  an  in  vitro 
transcription  system  which  will  be  used  to  examine  the  mechanisms  involved  in 
the  regulation  of  genetic  expression  at  both  the  transcriptional  and 
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trans lational  levels. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  apply  recombinant  DNA  and  cloning 
technology  to  the  isolation  and  analysis  of  genomic  DNA  sequences  involved  in  the 
regulation  of  globin  gene  expression  in  humans  and  anunals.  Fragments  of  DNA 
relating  to  globin  and  thymidine  kinase  gene  expression  in  humans  and/or  animals 
are  isolated  from  genomic  clones  (constructed  in  this  and  other  laboratories) 
and  subcloned  into  plasmids  for  use  in  studies  on  eukaryotic  gene  expression.  A 
prokaryote-eukaryote-prokaryote  DNA  transfer  and  recovery  system _ has  been  devel- 
oped which  should  be  useful  in  future  experiments  on  the  regulation  of  gene 
expression  in  eukaryotes. 
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Objectives:  The  objective  of  this  project  is  to  establish  and  apply  plasmid, 
bacteriophage  and  cosmid  recombinant  DMA  cloning  systems  for  the  isolation  and 
analysis  of  human  and  animal  genomic  DNA  sequences  involving  the  regulation  of 
globin  and  thymidine  kinase  (TK)  gene  expression. 

Methods : 

1)  Molecular  cloning  is  by  use  of  the  in  vitro  packaging  system  of  bacterio- 
phage lambda.  The  in  vitro  packaging  system  requires  three  components.  The 
first  component  involves  preparation  of  three  bacterial  extracts:  protein  A, 
freeze- thaw  lysate,  and  sonic  extract,  which  provide  between  them  all  the 
proteins  needed  to  form  bacteriophage  particles  in  vitro.  The  second  compo- 
nent is  the  preparation  of  the  vector  DNA,  which"~in  our  case  is  usually  the 
outer  Eco  RI  "arms"  of  the  vector,  charon  4A.  The  third  component  is  the 
isolation  and  purification  of  15-20  kb  segments  of  genomic  DNA  containing  Eco 
RI  ends .  The  first  step  in  the  cloning  procedure  is  to  ligate  the  charon  UA 
arms  with  the  genomic  DNA  such  that  long  linear  concatemers  of  DNA  result. 
This  in  vitro  recombinant  DNA  can  then  be  efficiently  packaged  into  bacterio- 
phage particles  using  the  bacterial  extracts  of  component  1  (see  above),  re- 
sulting in  a  cloned  library  of  one  million  segments  of  genomic  DNA.  This 
library  is  then  screened  with  radioactively  labeled  probe  by  well-established 
plaque  hybridization  methods . 

2)  Subcloning  smaller  segments  of  these  clones  is  done  into  bacterial  plasmid 
vectors  (such  as  pBR313,  pBR322,  pBR325).  The  plasmid  vector  is  digested  with 
a  suitable  restriction  endonuclease ,  mixed  and  ligated  with  the  fragment  to  be 
subcloned,  and  transformed  into  bacterial  cells.  Those  colonies  containing 
the  required  plasmid  clone  can  be  determined  first  by  antibiotic  resistant 
tests  and  secondly,  by  examination  by  restriction  endonuclease  and  Southern 
blot  analysis  of  their  plasmid  DNA  on  agarose  gels. 

Major  Findings: 

1)  A  prokaryote-eukaryote-prokaryote  DNA  transfer  and  recovery  system  was 
developed  in  which  a  human  beta  globin  gene  was  inserted  into  a  bacterial 
plasmid,  the  plasmid  containing  the  globin  gene  was  microinjected  into  a 
mouse  L  cell  where  it  multiplied  and  underwent  recombinant  events,  and  the 
same  plasmid  was  then  recovered  (in  the  original  as  well  as  in  mutant  forms) 
by  transformation  of  susceptible  bacteria  with  DNA  from  the  microinjected 
mouse  cells.   In  an  accompanying  project  report  (ZOl  HL  02216-01  MH) ,  the 
isolation  of  TIC*"  human  beta  globin  gene  containing  colonies  following  co- 
micro  inject  ion  of  mouse  TK~  L  cell  nuclei  with  two  recombinant  bacterial 
plasmids  was  described.  The  two  recombinant  plasmids  were:   (a)  xl  ^^ 
pBR322  plasmid  containing  the  TK  gene  of  herpes  sinplex  virus)  and  (b)  pRKl 
(pBR322  containing  a  human  genomic  DNA  fragment  within  which  is  the  human 
beta  globin  gene).  DNA  isolated  from  one  of  the  microinjected  clones  was 
used  in  bacterial  transformation  experiments  with  a  selection  for  tetracy- 
cline-resistant  colonies  (that  is,  for  cells  containing  pRKl).  A  total  of 
forty- three  tetracycline- resistant  colonies  were  isolated,  thirty  of  which 
contained  pRKl  molecules  identical  to  those  originally  injected.  The  remain- 
ing thirteen  colonies  contained  plasmids  that  were  grouped  into  five 
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different  classes  of  recombinant  molecules.  All  five  of  these  recombinant 
classes  appear  to  contain  a  common  deletion  endpoint  occurring  at  a  sinailar 
region  of  the  pBR322  segment  of  pRKl.   Four  of  the  recombinant  classes  appar- 
ently arose  from  a  deletion  of  segments  of  pRKl  trimer  or  dinner  molecules, 
while  the  fifth  recombinant  class  resulted  from  recombination  between  pRKl 
and  xl  followed  by  a  deletion  event  within  this  recombinant.  Extensive  re- 
constitution  experiments  indicate  that  these  plasmid  recombination  and  dele- 
tion events  occurred  within  the  mouse  cell.   Recovery  of  intact  pRKl  molecules 
from  the  mouse  DNA  (at  a  level  of  0.5  extra-chromosomal  plasmids  per  mouse 
cell)  demonstrate  that  microin j ected  bacterial  plasmids  can  exist  in  the  non- 
integrated  state  in  mouse  L  cells.  We  have,  therefore,  established  a  prokary- 
ote-eukaryote-prokaryote  DNA  transfer  and  recovery  system  which  should  be  use- 
ful in  future  experiments  on  the  regulation  of  gene  expression  in  eukaryotes. 

2)  A  number  of  human,  sheep,  and  mouse  genomic  DNA  fragments  containing  glo- 
bin  and  collagen  genes  have  been  subcloned  into  a  variety  of  plasmids.   For 
collaborations  on  sheep  globin  genes  with  the  Clinical  Hematology  Branch,  see 
their  Project  Reports.   For  collaborations  on  collagen  genes  with  the 
Pulmonary  Branch,  see  their  Project  Reports. 

Significance  to  Biomedical  Research  and  Institute  Program: 

The  technique  of  recombinant  DNA  technology  is  a  new  and  extraordinarily 
powerful  technique  for  manipulating  genetic  material.  Specific  genes  can  be 
isolated,  purified  and  characterized.  Increased  knowledge  of  the  structural 
organization  and  sequence  of  nomaal  and  mutated  human  genes  should  provide 
further  understanding  into  the  mechanisms  of  genetic  diseases. 

Proposed  Course  of  the  Project: 

The  prokaryote-eukaryote-prokaryote  DNA  transfer  and  recovery  system  will  be 
used  to  study  the  feasibility  of  transferring  functional  genes  into 
mammalian  cells.  Isolation  and  characterization  of  genomic  genes  and  gene 
fragments  will  continue. 

Publications : 

1)  Kretschmer,  P.  J.,  and  Cohen,  S.  N. :  Effect  of  temperature  on  the  trans- 
location frequency  of  the  Tn3  element.  J.  Bacterid.  139:   515-519,  1979. 

2)  Kretschmer,  P.  J.,  Bowman,  A.  H. ,  Sander s-Haigh,  L. ,  Killos,  L. ,  and 
Anderson,  W.  F. :  Recovery  and  characterization  of  recombinant  bacterial 
plasmids  from  microin j ected  mouse  L  cells.  Cell,  in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Three  induced  mutations  of  the  mouse  are  true  alpha- thalas s emias  which 
map  to  or  near  the  Hba  alpha  globin  structural  gene  locus.  Although  two 
were  independently  induced  with  x-rays  and  the  third  with  triethylenemelamine , 
all  appear  to  have  a  similar  cause:  an  incomplete  deletion  of  the  alpha  gene 
complex.   In  each,  the  adult  globin  genes  were  previously  shown  to  be  fully 
inactive:  we  now  have  proven  that  at  least  one  (probably  both)  of  the  two 
adult  alpha  genes  per  chromosome  is  actually  deleted.   Other  parts  of  the  alpha 
locus  complex  are  still  present  but  these  apparently  are  not  being  expressed  as 
proteins  at  detectable  levels. 

Apparently  normal  variations  at  the  globin  gene  DNA  level  have  also  been 
found  among  inbred  and  exotic  mouse  stocks. 

Messenger  RNA  levels  in  the  thalassemia  heterozygotes  are  around  80%  of 
normal,  implying  effective  compensation  for  the  loss  of  one  gene  set. 
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Project  Number  ZOl  HL  02215-02  MH 
Ob j ectives :  The  objective  of  this  work  is  to  characterize  fully  the  nature  of 
the  defect  which  obliterates  the  expression  of  alpha  globin  genes  in  three 
induced  mouse  alpha- thalassemias. 

Methods : 

(1)  DNA  prepared  from  genetically-characterized  normal  and  heterozygous  alpha^ 
thalassemic  mice  is  digested  with  restriction  endonuclease  Eco  RI,  then  trans- 
ferred to  nitrocellulose  membrane  filters  following  0.8%  agarose  gel  electro- 
phoresis. Alpha  (or  beta)  globin  genes  or  fragments  are  detected  by  hybrid- 
ization with  probes  made  by  nick-translation  of  parts  of  the  globin  DNA 
clones,  Charon  3A-117  alpha  (or  3A-4beta) ,  Mai,  or  Ch3AMii30.5. 

(2)  Total  reticulocyte  RNA,  eryfhroid  cell  nuclear  or  cytoplasmic  RNA,  or 
genomic  DNA  is  analyzed  by  liquid  hybridization  with  ^^P- labeled  single- 
stranded  alphas  or  beta-glob in  cDNA  probes. 

(3)  Hemoglobins  and  globins  are  analyzed  by  slab  polyacrylamide  gel  iso- 
electric focusing,  electrophoresis,  and  ion-exchange  chromatography. 

(4)  A  simple  osmotic  resistance  test  is  used  to  detect  thalassemic  mice  for 
breeding. 

Major  Findings: 

(1)  Genetic  studies  indicate  that  each  of  the  three  thalassemias  maps  to 
mouse  chromosome  11  near  the  wa-2  locus,  the  normal  location  of  the  Hba  adult 
alpha  chain  locus.   Lower  recombination  than  expected  between  wa-2  and  the 
352HB  mutant  locus  is  consistent  with  the  mutation  being  a  small  deletion  in 
chromosome  11. 

(2)  By  Southern  blot  transfer  methods,  four  normal  varieties  of  alpha  globin 
gene  DNA  patterns  have  been  found.  DNA  patterns  from  hetero zygotes  with 
thalassemia  and  a  normal  variant  DNA  chromosome  show  that  one  particular  3  kb 
DNA  region  is  deleted  in  each  of  the  three  thalassemias.  This  deletion  in- 
cludes one  entire  adult  alpha  gene  which  normally  lies  on  an  11  kb  Eco  RI 
segment  of  genomic  DNA.  There  is  a  quantitative  indication  that  the  compara- 
ble 3  kb  region  including  the  other  adult  alpha  globin  gene  is  also  deleted. 
Nonetheless,  two  other  fragments  containing  alpha-like  sequences  are  not 
deleted  in  any  of  the  thalassemias.  This  indicates  that  one  deletion  break- 
point of  each  mutation  lies  within  the  alpha  gene  cluster,  between  the  adult 
genes  and  the  remaining  alpha-like  genes.   The  precise  locations  of  these 
breakpoints  within  the  clusters  remain  to  be  determined.   Locations  of  these 
breakpoints  both  relative  to  the  inactivated  a  locus  and  among  the  three 
thalassemics  will  be  compared. 

(3)  Total  reticulocyte  RNAs  from  each  type  of  thalassemic  mouse  have  been 
analyzed  by  liquid  hybridization  with  double-labeled  single-stranded  alpha- 
and  beta-globin  cDNA  probes.  The  results  are  consistent  with  our  earlier 
protein  synthesis  studies  which  showed  surprisingly  slight  reduction  of  alpha 
relative  to  the  beta  synthesis  in  comparison  to  normal  controls  analyzed  in 
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parallel. 

(4)  Mouse  stocks  have  been  created  which  are  homozygous  for  four  of  our  five 
newly-discovered  Hba  genotypes.  DNA  sairples  have  been  or  will  be  analyzed 
for  qualitative  variations .   Blood  samples  have  been  or  are  being  collected 
for  alpha  globin  sequence  analysis  by  Dr.  R.  A.  Popp  at  the  Oak  Ridge  National 
Laboratory. 

Significance  to  Biomedical  Research  and  Institute  Program:  These  thalassemias 
are  the  first  mammalian  mutations  induced  in  vivo  to  be  analyzed  at  the  geno- 
mic DNA  level.  These  thalassemic  mice  are  the  best  models  currently  available 
for  a  human  molecular  disease  and  may  be  invaluable  in  the  development  of 
methods  for  the  direct  therapy  of  human  genetic  diseases. 

Proposed  Course  of  the  Project: 

The  nucleic  acid  analysis  aspect  of  the  project  is  essentially  completed. 
Dr.  Whitney  will  continue  more  detailed  studies  of  the  gene  deletions  at  the 
Medical  College  of  Georgia.  Ms.  L.  Killos  will  attempt  to  microinject  cloned 
alpha  globin  genes  into  homozygous  thalassemic  embryos  in  an  attempt  to 
correct  the  mutation. 

Publications : 


1.  Popp,  R.  A.,  Skow,  L.  C. ,  and  Whitney,  J.  B.  Ill:  Expression  of 

embryonic  hemoglobin  genes  in  alpha-thalassemic  and  in  beta-duplication 


mice.  Ann.  N.  Y.  Acad.  Sci.  344:   280-283,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Methods  are  being  sought  for  transferring  functional  genes  into  manmalian 
tissue  culture  cells  and  ultimately  into  intact  animals.  A  primary  technique  is 
physical  microinjection  of  specific  genes  into  the  nucleus  of  individual  tissue 
culture  cells.  A  genetic  defect,  lack  of  thymidine  kinase  (TK)  activity,  was 
conpected  in  mouse  TK~  L  cells  by  microinjecting  a  herpes  simplex  TK  gene.   In 
addition,  a  co-injected  human  beta  globin  gene  was  replicated  and  expressed  at  a 
low  level  in  these  cells. 
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Objectives:  The  objective  of  this  project  is  to  develop  methods  for  trans- 
ferring  functional  genes  into  mammalian  tissue  culture  cells  and  into  intact 
animals.  Ultimately,  the  techniques  would  be  used  for  attempting  to  correct 
genetic  diseases  in  humans. 

Methods : 

1)  Tissue  culture  cells  are  grown  under  standard  tissue  culture  conditions. 

2)  Plasmids  containing  specific  functional  genes  are  made  as  described  in 
the  accompanying  project  report  (ZOl  HL  02214-03  MH) . 

3)  Physical  microinjection  into  specific  regions  of  intact  mammalian  cells 
is  carried  out  by  using  ultra- thin  micropipettes  under  2,000-fold  phase 
optics  according  to  the  procedure  of  Diacumakos  (Diacumakos,  E.G.,  Methods  in 
Cell  Biology  7:   287-311,  1973).   Single  cell  clones  are  grown  to  10°-109 
cells  for  isolation  of  DNA  and  RNA  for  analysis  by  restriction  endonuclease 
and  Southern  blot  analysis,  by  mRNA-cDNA  liquid  hybridization,  or  by  Northern 
blot  analysis. 

Major  Findings: 

1)  A  mixture  of  two  recombinant  plasmids  was  microin j  ected  into  mouse  TK 
fibroblasts  (L  cells).   One  plasmid  contained  the  herpes  simplex  type  1  TK 
gene  and  the  other  contained  the  human  beta  globin  gene.  Approximately  one 
or  twenty  copies  of  each  plasmid  were  injected.   Seven  fibroblast  colonies 
arising  from  injected  cells  and  incubated  in  hypoxanthine-aminopterin- thy- 
midine (HAT)  medium  were  analyzed.  These  microinjected  cells  were  shown  to: 
(a)  produce  functionally  active  herpes  simplex  type  1  TK  enzyme,  (b)  replicate 
the  human  beta  globin  gene,  and  (c)  produce  human  beta  globin  mRNA  sequences 
at  low  levels.  Thus,  the  genetic  defect  (lack  of  TK  activity)  was  corrected 
by  the  microinjected  TK  gene,  and  a  co-injected  human  beta  globin  gene  was 
replicated  and  weakly  expressed. 

2)  The  TK  and  human  beta  globin  genes  were  inserted  into  the  same  plasmid 
(pBR325).  This  hybrid  plasmid  (called  pPK39)  containing  two  functional  genes 
was  microinjected  into  mouse  TK~  L  cells.   Clones  of  HAT  resistant  cells  were 
grown  and  shown  to  contain  human  beta  globin  gene  sequences  by  restriction 
endonuclease  and  Southern  blot  analysis. 

Significance  to  Biomedical  Research  and  Institute  Program: 

The  long-term  aim  of  much  of  the  work  in  molecular  genetics  is  to  develop 
techniques  for  treating  or  curing  human  genetic  defects.  This  project 
utilizes  recombinant  DNA  technology  and  cell  biology  techniques  to  try  to 
accomplish  this  goal. 

Proposed  Course  of  the  Project: 

Attempts  are  continuing  to  microinject  globin  genes  into  erythroid  cells  (viz. 
mouse  erythroleukemia  cells)  for  examining  the  globin  gene  in  an  erythroid 
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environment.   In  addition,  the  injection  of  functional  genes  into  mouse 
embryos  to  attempt  to  establish  gene  transfer  in  intact  animals  is  planned. 

Publications : 

1)  Anderson,  W.  F. ,  Killos,  L. ,  Sanders-Haigh ,  L. ,  Kretschmer,  P.  J.,  and 
Diacumakos,  E.  G. :  Replication  and  expression  of  thymidine  kinase  and 
human  globin  genes  micro injected  into  mouse  fibroblasts.  Proc.  Natl. 
Acad.  Sci.  USA,  in  press,  1980. 

2)  Anderson,  W.  F. ,  Killos,  L. ,  Sanders-Haigh,  L. ,  Kretschmer,  P., 
Diacumakos,  E. ,  Nienhuis,  A.,  Willing,  M. ,  and  Vembu,  D. :  Regulation  of 
human  globin  gene  expression  after  gene  transfer.   In  Sigler,  P.B.  (Ed.): 
Molecular  Basis  of  Mutant  Hemoglobin  Dysfunction  (University  of  Chicago 
Symposia  on  Sickle  Cell  Anemia),  Vol.  1.  New  York,  North-Holland 
Publishing  Co.,  in  press,  1980. 

3)  Diacumakos,  E.  G. ,  Killos,  L. ,  Lee,  L. ,  and  Anderson,  W.  F. :   Induction 
of  mouse  erythroleukemia  cells  by  microinjection  of  inducing  compound. 
Expt.  Cell  Res. ,  in  press,  1980. 
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Annual  Report  of  the 

Section  on  Laboratory  Animal  Medicine  and  Surgery 

Office  of  the  Director  of  Intramural  Research 

National  Heart,  Lung,  and  Blood  Institute 

October  1,  1979  to  September  30,  1980 

The  Section  functions  primarily  in  a  support  role  to  all  laboratories  of  IR 
providing  care  for  many  species  of  animals,  technical  assistance  in  prepara- 
tion and  maintenance  of  animal  models  for  various  experimental  regimens,  and 
the  development  of  animal  resources  not  otherwise  available. 

Maintenance  of  various  rodent  and  aquatic  species  has  been  accomplished  in 
designated  areas  in  close  proximity  to  IR  laboratories  in  Buildings  3,  10, 
and  36.  Large  animal  species  are  maintained  in  Buildings  3,  28,  the  NIHAC, 
and  at  Luray,  Virginia.  Postoperative  intensive  care  and  treatment  of  surgery 
patients  is  completed  in  Buildings  3,  14-E,  and  28. 

The  animal  surgery  laboratory  located  in  Building  14-E  supports  the  Clinical 
Hematology  Branch,  Laboratory  of  Experimental  Atherosclerosis,  Hypertension- 
Endocrine  Branch,  Laboratory  of  Technical  Development,  the  Surgery  Branch, 
and  the  Pulmonary  Branch  in  preparation  of  experimental  animal  models,  com- 
pleting cardiovascular  studies  and  in  collecting  various  biological  specimens. 
The  laboratory  operates  an  x-ray  catheterization  suite,  clinical  chemistry 
laboratory,  sterile  operating  suites,  and  special  study  suites  required  to 
meet  requirements. 

The  NHLBI  Sheep  Colony  has  again  continued  successful  year-round  breeding  of 
laboratory  sheep.  Approximately  500  animals  were  delivered  to  laboratories 
meeting  requirements  of  gestation  stages  from  22-140  days  and  various  age  and 
size  lambs,  young  adults,  and  aged  sheep. 

Laboratory  studies  have  been  underway  to  define  hemodynamic  parameters  and 
tissue  morphology  resultant  of  Newfoundland  dog  left  ventricular  hypertrophy 
due  to  infracoronary  left  ventricle  outflow  tract  obstruction.  Disease  pro- 
cesses will  be  characterized  to  determine  usefulness  of  this  unique  animal 
model  for  future  laboratory  study. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  Newfoundland  Breeding  Colony  has  been  developed  as  a  source  of  laboratory 
dogs  affected  with  left  ventricular  hypertrophy  (LVH)  due  to  infracoronary  left 
ventricle  outflow  tract  obstruction  and  other  spontaneously  occurring  heart  de- 
fects. More  than  100  dogs  have  been  reared,  all  having  some  form  of  hereditary 
subaortic  stenosis  (SAS),  with  one  family  demonstrating  pulmonic  valve  stenosis 
and  SAS. 

Cardiac  catheterization  of  more  than  100  dogs  has  demonstrated  varying  peak  sys- 
tolic  pressure  gradients  between  left  ventricle  and  aorta  from  <  5  to  >  150  mmHg. 
Laboratory  studies  are  presently  underway  to  define  hemodynamic  parameters  and 
tissue  morphology  resultant  of  Newfoundland  discrete  SAS. 

Numbers  of  animals  have  been  used  for  regional  myocardial  blood  flow  studies  of 
the  hypertrophied  ventricle  and  evaluation  of  corrective  surgery  techniques  using 
apico-aorta  prosthetic  devices. 
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Project  Description:  Z01-HL-03401-04-LAMS 

The  Newfoundland  Breeding  Colony  was  maintained  by  Flow  Laboratories,  Inc.,  at 
Dublin,  Virginia  supported  by  NIH  263-78-D-0253.  Twenty-five  dogs  remain  and 
are  located  in  Building  28. 

Varying  degrees  of  severity  of  LVH  existed  in  dogs  studied  from  the  colony  and 
gross  and  microscopic  changes  of  heart  tissue  existed  similar  to  those  occur- 
ring in  human  patients  with  similar  cardiac  abnormalities. 

Availability  of  a  naturally  occurring  animal  model  for  study  of  LVH  resultant 
of  infracoronary  LV  outflow  tract  obstruction  is  important  because  technical 
difficulties  have  not  been  satisfactorily  overcome  in  attempts  to  produce  such 
a  defect  in  normal  animals. 

Discrete  subaortic  stenosis  has  been  studied  in  Newfoundland  dogs  at  the  School 
of  Veterinary  Medicine,  University  of  Pennsylvania  where  initial  breeding  ex- 
periments suggested  that  it  is  inherited  and  either  a  polygenic  or  an  auto- 
somal dominant  trait  with  modifiers. 

More  than  100  cardiac  catheterizations  have  demonstrated  peak  systolic  blood 
pressure  gradients  between  left  ventricle  and  aorta  (LV-aorta  PG)  range  from 
<  5  mmHg  to  >  150  mmHg. 

All  hearts  grossly  examined  except  those  less  than  60  days  old  have  demonstra- 
ted a  fibrous  membrane  located  3-8  mm  below  the  sinus  of  valsalva.  The  dis- 
crete narrowing  varies  in  different  hearts.  Severely  effected  LV  outflow 
tracts  have  circumferential  discrete  narrowing  and  extend  transversely  from 
the  anterior  mitral  leaflets  at  the  level  of  its  attachment  to  the  atrial  sep- 
tum and  the  outflow  surface  of  the  leaflet.  Some  lesions  in  the  more  severely 
affected  dogs  appear  to  be  similar  to  a  condition  described  in  human  heart 
disease  known  as  tunnel  subaortic  stenosis. 

Varying  degrees  of  concentric  left  ventricular  hypertrophy  occurs:  (1)  in  all 
dogs  >  3  years  old;  (2)  in  all  age  groups  with  LV-aorta  PG  >  80  mmHg;  (3) 
Severe  hypertrophy  is  present  in  dogs  several  years  old  with  LV-aorta  PG  >  125 
mmHg. 

Histologic  and  ul trastructural  studies  showed  that  the  subaortic  fibrous  "ring" 
present  in  Newfoundland  dogs  with  discrete  SAS  lacked  the  layered  structure  of 
normal  endocardium  in  left  ventricular  outflow  tract.  The  fibrous  ring  tissue 
was  characterized  by  the  presence  of  large  uni-  and  multinucleated,  rounded 
connective  tissue  cells  that  resembled  chondrocytes  in  several  respects.  The 
cells  were  surrounded  by  connective  tissue  rich  in  acid  mucophysaccharides, 
small  but  cross-banded  collagen  fibrils  and  small,  poorly  developed  elastic 
fibers.  The  unusual  differentiation  of  cellular  and  extracellular  components 
of  connective  tissue  in  subaortic  fibrous  rings  in  dogs  with  discrete  SAS 
clearly  differs  from  that  seen  in  humans  with  discrete  SAS. 

Morphologic  studies  of  small  intramural  coronary  arteries  revealed  a  >  50%  in- 
cidence of  narrowing  of  these  vessels  by  proliferation  of  smooth  muscle  cells 
(SMC)  in  intima  and  by  fibrosis  involving  intima,  media,  and  advantitia.  The 
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most  striking  ul trastructural  abnormality  involves  intimal  elastic  tissue 
which  forms  numerous  small,  scattered  fibrils  (>1m  in  diameter)  rather  than 
discrete  laminae  separating  layers  of  SMC.  Collagen  fibers  between  SMC  are 
increased  in  number  but  are  morphologically  normal.  The  changes  described  re- 
semble those  in  humans  with  hypertrophic  cardiomyopathy  and  with  discrete  ring 
or  tunnel  types  of  SAS. 

Dogs  with  pressure  gradients  above  100  mmHg  are  susceptible  to  syncope,  "Sud- 
den Death  Syndrome"  or  atrial  fibrillation  and  eventual  death  from  heart  fail- 
ure. 

A  breeding  program  has  been  set  up  with  VRB,  DRS  to  produce  animals  for  hemo- 
dynamic and  morphologic  studies  between  the  age  of  newborn  and  four  months. 

Publ ications: 


ARTICLES  PUBLISHED  IN  A  PERIODICAL: 

Murra,  W.F.T.,  Ferrans,  V.J.,  Pierce,  J.E.  and  Roberts,  W.C:  Discrete 
Subaortic  Stenosis  in  Newfoundland  Dogs:  Association  of  Infective  Endo- 
carditis. Am.  J.  of  Cardiol.  41:  746-754,  1978. 

Murra,  W.F.T.,  Ferrans,  V.J.,  Pierce,  J.E.  and  Roberts,  W.C:  Ultrastruc- 
ture  of  the  Fibrous  Subaortic  "Ring"  in  Dogs  with  Discrete  Subaortic  Sten- 
osis. Lab.  Invest.  39:  471-482,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  laboratory  Sheep  Colony  is  an  NIH  animal  resource  providing  varied  age  ani- 
mals that  meet  specific  year-round  requirements  of  the  Clinical  Hematology  Branch, 
Laboratory  of  Technical  Development,  Pulmonary  Branch,  and  Surgery  Branch,  DIR, 
NHLBI;  the  Laboratory  of  Biomedical  Sciences,  IRP,  NICHHD;  LPP,  IRP,  NINCDS. 
Maintenance  regimens  in  use  have  resulted  in  successful  year-round  breeding  and 
production  of  varied  age  sheep. 

Practices  that  have  contributed  to  reduction  of  undesired  seasonal  variables  in- 
clude: (1)  continuous  prophylactic  immunization  of  all  age  animal  groups;  (2) 
accurate  pregnancy  diagnosis  during  first  trimester  using  Doppler  ultrasound;  (3] 
monitoring  of  animal  health  using  various  diagnostic  laboratory  techniques;  and 
(4)  many  husbandry  techniques  unique  to  this  colony.  Such  practices  have  been 
cost  prohibitive  in  commercial  sheep  flocks  that  result  in  inconsistent  avail- 
ability and  existence  of  varied  states  of  health  in  animals  delivered  for  labora- 
tory use. 
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The  breeding  colony  continues  as  a  source  of  sheep  with  A,  AB,  and  B  type  hemo- 
globin for  the  CHB  and  meets  other  supportive  laboratory  program  requirements 
of  young  lambs  and  pregnant  ewes  as  required.  From  700  to  950  varied  age  sheep 
exist  in  the  colony  year-round.  Approximately  500  animals  were  delivered  to 
NIH  and  other  facilities  for  laboratory  use  during  the  report  period. 

The  contractor  has  been  responsible  for  developing  and  updating  husbandry  tech- 
niques as  instructed  by  the  project  officer  that  allow  optimal  conditions  for 
natural  year-round  breeding  at  the  contract  site.  The  project  officer  has  been 
responsible  for  monitoring  techniques  and  updating  guidelines  followed  by  the 
contractor  to  meet  NIH  laboratory  requirements  along  with  animal  health  regi- 
mens (sheep  property  of  NIH)  that  allow  minimal  susceptibility  of  all  age 
groups  to  common  sheep  diseases. 

Immunization  protocols  direct  contract  personnel  to  administer  specific  ovine 
and  bovine  bacterins,  and  tetanus  toxoid  to  lambs  with  biweekly  boosters  of 
each  by  the  fifth  week  of  age.  This  practice  has  essentially  eliminated  ent- 
erotoxemia  and  more  than  90%  of  chronic  pneumonia  previously  experienced.  Re- 
peated administration  of  indicated  biological s  is  carried  out  in  all  age  groups 
at  designated  periods  of  development  and  production. 

The  necessity  of  an  accurate  method  of  pregnancy  diagnosis  during  early  gesta- 
tion was  determined  during  initial  development  of  the  colony.  Natural  seasonal 
and  environmental  conditions  effect  the  weekly  conception  rate  varying  from  0- 
100%.  Lindahl's  technique  using  Doppler  ultrasound  with  rectal  examination 
has  been  adequate.  It  allows  accurate  diagnosis  of  up  to  100%  of  pregnant 
sheep  from  21-35  days  gestation.  Negative  animals  must  be  re-examined  at  least 
twice  to  verify  non-pregnancy.  Examinations  are  performed  weekly  by  contract 
personnel  with  more  than  1,500  examinations  completed  per  year  to  detect 
approximately  500  pregnant  ewes  conceived  over  a  52-week  period. 

Laboratory  tests  are  continuously  performed  to  monitor  flock  health.  Contract 
personnel  monitor  internal  parasite  infestation  by  random  fecal  sampling  from 
various  animal  groups  with  examination  using  direct  and  flotation  methods. 
CBC  and  blood  chemistry  profiles  are  performed  on  animals  delivered  to  the 
laboratory  to  monitor  health  and  nutrition  states.  Microbiological  and  sero- 
logical screening  for  detection  of  suspected  disease  entities  is  carried  out 
when  indicated. 

This  project  will  continue  as  IR  and  other  NIH  programs  have  sufficient  re- 
quirements that  justify  the  continued  support  of  this  laboratory  sheep  resource. 
Production  goals  and  total  numbers  of  animals  maintained  will  be  varied  as  re- 
quired by  changing  demands  of  laboratories. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) /\  technique  for  Obtaining  indirect 
blood  pressure  measurements  in  laboratory  animals  currently  being  evaluated,  os- 
cillometry, monitors  the  oscillations  in  cuff  pressure  with  a  pressure  transducer 
as  the  cuff  is  deflated.  During  deflation  from  super  systolic  levels,  the  first 
increase  in  oscillation  observed  is  designated  as  systolic  blood  pressure. 

Mean  arterial  measurements  obtained  on  anesthetized  dogs  with  direct  pressure 
measurements  available  were  consistently  within  1-3%  of  direct  pressure. 

Measurements  obtained  on  awake  dogs  were  not  as  consistent  but  corresponding 
values  were  obtained  in  both  forelegs  over  a  15-minute  examination  period  within 
5%  of  each  other.  (Direct  measurements  not  simultaneously  available). 

The  technique  will  be  further  evaluated  using  a  commercially  available  unit  and 
a  laboratory  designated  oscillometer  which  provides  raw  oscillation  data  to  assist 
in  determining  optimal  cuff  sizes  to  be  used  and  identify  other  variables  that 
effect  obtaining  accurate  blood  pressure  measurements  in  laboratory  animals. 


193 


PHS-6040 


Project  Description:  Z01-HL-03403-03-LAMS 

A  technique  for  obtaining  accurate  indirect  blood  pressure  measurements  in 
laboratory  animals,  particularly  dogs  and  miniature  swine  has  been  continuous- 
ly requested  by  investigators  of  the  Laboratory  of  Experimental  Atherosclerosis, 
Hypertension-Endocrine  Branch,  and  Surgery  Branch,  IR. 

A  technique  using  Doppler  ultrasound  with  transducer  secured  to  an  inflatable 
cuff  has  proved  unsatisfactory.  Inconsistent  blood  pressure  values  were  ob- 
tained in  awake  and  anesthetized  animals  locating  the  cuff  at  various  sites 
on  the  forelimb,  rear  leg,  and  tail  as  reported  successful  by  other  groups. 

Because  of  the  unreliability  of  traditional  techniques,  we  have  been  investi- 
gating a  technique  called  oscillometry.  Oscillometry  is  a  method  of  measuring 
blood  pressure  by  analyzing  the  pulse  pattern  of  the  cuff  pressure  oscillations. 

In  practice,  a  cuff  is  placed  around  a  limb  and  inflated  to  a  pressure  above 
systolic  and  then  slowly  deflated.  While  the  cuff  is  being  deflated  the  amp- 
litude of  oscillation  in  cuff  pressure,  produced  by  the  arterial  pulse  beneath 
the  cuff,  is  monitored.  Systol ic  pressure  is  indicated  by  the  first  signifi- 
cant increase  in  oscillation  amplitude.  Diastol ic  pressure  is  indicated  as 
the  lowest  cuff  pressure  at  the  point  of  maximum  oscillation  in  cuff  pressure. 
Currently,  most  investigators  using  this  technique  take  the  point  of  maximum 
oscillation  to  indicate  mean  arterial  pressure. 

The  results  of  19  dog  experiments  and  many  laboratory  simulations  indicate 
that  oscillometry  measures  systolic  and  diastolic  pressures  but  not  the  mean 
arterial  pressure.  The  mean  arterial  pressure  can  be  incorrectly  indicated 
when  there  are  unknown  errors  present  in  the  technique. 
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OFFICE  OF  THE  DIRECTOR  OF  INTRAMURAL  RESEARCH 

NATIONAL  HEART,  LUNG,  &  BLOOD  INSTITUTE 

October  1,  1979  through  September  30,  1980 

The  primary  interest  of  the  Section  on  Theoretical  Biophysics  is  the 
theory  of  transport  processes  in  biological  systems,  with  particular  reference 
to  problems  in  cardiovascular,  renal,  and  membrane  physiology.   The  section  is 
concerned  both  with  the  formulation  of  theoretical  models  and  with  the 
development  of  mathematical  and  computational  methods  for  their  analysis. 
Currently  much  of  the  research  in  the  section  centers  on  the  mechanism  of 
urine  formation  in  the  mammalian  kidney  and  on  theoretical  aspects  of  solute 
and  water  transport  in  epithelial  structures. 

During  the  past  year,  areas  of  work  have  included:   (1)  The  thermo- 
dynamic and  kinetic  analysis  of  flow  processes,  (2)  the  qualitative  analysis 
of  equations  describing  kidney  models,  (3)  the  development  of  analytical 
solution  of  kidney  models,  (4)  the  development  and  theoretical  analysis  of 
numerical  methods,  (5)  the  computer  simulation  of  renal  function,  (6)  the 
computer  simulation  of  solute  and  water  transport  in  simple  epithelia,  and  (7) 
the  development  of  analytical  models  of  epithelia. 

Specifically:   During  the  past  year  in  work  on  the  theoretical  analysis  of 
renal  function,  we  have  derived  a  relation  between  volume  flow,  concentration, 
and  tubal  solute  and  water  permeabilities  and  reflection  coefficients  for  a 
flow  tube  exchanging  a  single  neutral  solute  and  water  with  the  surrounding 
interstitium.   When  this  relation  is  combined  with  the  normalized  mass  balance 
equation  for  a  central  core  model  of  the  renal  medulla,  we  obtain  a 
transcendental  equation  in  the  concentration  ratio  of  the  system  and  the 
permeabilities  and  reflection  coefficients  of  the  descending  limb  of  Henle  and 
the  collecting  duct.   In  general  one  must  solve  this  equation  numerically,  but 
for  some  special  cases  it  can  be  solved  analytically.   Depending  on  the  choice 
of  parameters  this  equation  may  have  no  roots,  a  single  positive  root  or  more 
than  one  positive  root  for  r.   Thus,  in  some  models  we  find  that  for  a  given 
set  of  parameters  and  boundary  values  the  concentration  profile  may  be 
nonunique. 

This  analytic  result  has  been  confirmed  by  extensive  numerical 
experiments.   Numerical  techniques  have  been  developed  (i)  to  obtain  all 
solutions  to  a  model  for  a  given  set  of  parameters  and  (ii)  to  follow  the 
solution  surface  as  a  function  of  any  one  of  the  model's  parameters.   The 
models  investigated  so  far  have  had  either  no  solution,  one,  two,  or  three 
solutions.   It  is  yet  not  established  whether  these  multiple  steady  states  are 
modelling  artifacts  or  have  physiological  significance.   Three  test  criteria 
have  so  far  been  identified:   (i)   The  time  stability  of  solutions  (ii)  their 
thermodynamic  energy  requirement,  and  (iii)  the  shape  of  the  solution  surface 
and  the  ability  of  the  corresponding  physiological  system  to  proceed  from  one 
state  to  another  on  this  surface.   By  using  these  criteria,  it  has  usually 
been  possible  to  identify  many  solutions  as  physiologically  impossible  or 
improbable,  but  the  possibility  that  under  appropriate  circumstances  multiple 
steady  states  exist  remains  open. 


During  the  past  year  we  have  also  analyzed  mass  balance  in  a  single  stage 
of  a  multistage  model  of  the  renal  medulla.   In  earlier  work  it  was  shown  that 
the  mass  balance  equation  for  a  variety  of  models  of  the  renal  medulla  can  be 
cast  into  the  normalized  form 

r  =  1/[1  -  f^Cl  -  fu)(l  -  %)]. 

where  r  is  the  ratio  of  total  osmolality  at  the  papilla  (assumed  approximately 
the  same  in  all  structures)  to  plasma  osmolality,  f^j.  is  fractional  solute 
transport  out  of  ascending  Henle's  limb,  f^  is  the  fractional  urine  flow,  and 
f^,    the  fractional  dissipation  in  the  vascular  exchanger,  is  a  measure  of  the 
solute  that  is  returned  to  the  systemic  circulation  by  ascending  vasa  recta 
unaccompanied  by  its  isotonic  equivalent  of  water.   This  form  of  the  mass 
balance  equation  has  proved  very  useful  in  understanding  the  qualitative 
behavior  of  medullary  models  and  in  checking  detailed  calculations.   With 
suitable  interpretations  of  fj,  fy,  and  f^,  the  equation  applies  to 
multinephron  models  as  well  as  single  nephron  models  of  the  medulla,  but  only 
gives  an  overall  concentration  ratio.   In  our  current  work  we  have  derived  a 
form  of  the  equation  that  is  applicable  to  a  single  stage  of  a  multistage 
model:   Applied  recursively  this  form  permits  a  much  finer  analysis  of  the 
behavior  of  multistage  systems. 

Besides  the  exploration  of  multiple  solutions,  work  on  the  simulation  of 
renal  function  included  the  development  of  a  benchmark  problem  for 
investigators  to  use  to  validate  their  numerics.   This  is  a  six  tube  vasa 
recta  model  that  has  now  been  solved  with  a  number  of  numerical  schemes. 

In  collaboration  with  R.  Tewarson  (SUNY),  research  on  the  numerical 
solution  of  nonlinear  ordinary  and  partial  differential  equations  has 
continued.   In  particular  a  higher  order  integration  scheme  that  does  not 
increase  the  connectivity  of  the  equations  has  been  developed  and  is  being 
tested  on  a  central  core  model. 

In  collaboration  with  B.  Kellogg  and  J.  Garner  work  has  continued  on  the 
qualitative  analysis  of  equations  describing  kidney  models.   A  study  has  been 
made  of  a  number  of  problems,  each  dealing  with  a  different  set  of 
differential  equations  and  boundary  conditions.   Results  include  bounds  for 
solutions  and  existence  results.   Also,  in  some  problems  uniqueness  of 
solutions  was  demonstrated  and  in  other  problems  multiplicity  of  solutions  was 
shown. 

Work  on  epithelial  transport  has  focused  on  the  mathematical  formulation 
of  solute-linked  water  transport.   An  abstract  analysis,  applicable  to  a  broad 
class  of  epithelial  models,  has  been  developed  that  assigns  to  any  of  these 
models  an  osmotic  coupling  coefficient.   It  is  shown  that  coupling  must  be 
tight  in  order  for  a  model  to  simulate  an  epithelium  such  as  rabbit 
gallbladder,  which  can  transport  water  both  isotonically  and  against  a 
substantial  osmotic  gradient.   Previously,  the  compartment  model  of  the 
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lateral  intercellular  space  was  found  to  provide  an  adequate  simulation  of 
osmotic  water  transport.   A  "standing  gradient"  type  model  of  the  Interspace 
has  now  been  analyzed  according  to  our  general  framework.   We  find  that 
although  the  coupling  may  be  tight  for  a  standing  gradient  system,  this  model 
appears  unable  to  realistically  simulate  water  transport  against  an  adverse 
osmotic  gradient.   For  both  the  compartment  and  standing-gradient  models,  it 
is  shown  that  tight  coupling  renders  inescapable  the  conclusion  that  whole 
epithelial  water  permeability  (determined  experimentally)  is  a  gross 
underestimate  of  cell  membrane  water  permeability. 
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The  purpose  of  this  project  is  to  develop  the  general  theory  of  transport  and 
flow  processes  taking  place  in  the  kidney.  Aims  of  current  work  include 
(1)  Thermodynamic  and  kinetic  analysis  of  flow  processes,  (2)  the  qualitative 
analysis  of  equations  describing  kidney  models,  and  (3)  the  development  of 
analytical  solutions  of  kidney  models. 
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Project  Description: 

Objectives:  The  primary  purpose  of  this  project  is  to  develop  the  general 
theory  of  the  transport  and  flow  taking  place  in  the  kidney.  This  includes 
the  thermodynamic  and  kinetic  analysis  of  flow  processes;  the  development 
of  analytical  solutions  of  kidney  models,  and  the  qualitative  analysis  of 
equations  describing  kidney  models. 

During  the  past  year  analytical  work  has  been  extended  in  two  directions: 
(1)  Mass  balance  in  a  single  stage  of  a  multistage  model  of  the  renal  medulla 
has  been  analyzed.  In  earlier  work  it  was  shown  that  the  mass  balance  equation 
for  a  variety  of  models  of  the  renal  medulla  can  be  cast  into  the  normalized 
form 

r  =  1/[1  -  f^(l  -  f^)(l  -  f^)], 

where  r  is  the  ratio  of  total  osmolality  at  the  papilla  (assumed  approximately 
the  same  in  all  structures)  to  plasma  osmolality,  f_  is  fractional  solute 

transport  out  of  ascending  Henle's  limb,  f..  is  the  fractional  urine  flow,  and 

f^   ,   the  fractional  dissipation  in  the  vascular  exchanger,  is  a  measure  of  the 

solute  that  is  returned  to  the  systemic  circulation  by  ascending  vasa  recta 
unaccompanied  by  its  isotonic  equivalent  of  water.  This  form  of  the  mass 
balance  equation  has  proved  very  useful  in  understanding  the  qualitative  be- 
havior of  medullary  models  and  in  checking  detailed  calculations.  With  suit- 
able interpretations  of  f„,  f,,,  and  f,,,  the  equation  applies  to  multinephron 
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models  as  well  as  single  nephron  models  of  the  medulla,  but  only  gives  an 
overall  concentration  ratio.   In  our  current  work  we  have  derived  a  form  of 
the  equation  that  is  applicable  to  a  single  stage  of  a  multistage  model:  Ap- 
plied recursively  this  form  permits  a  much  finer  analysis  of  the  behavior  of 
multistage  systems. 

(2)  We  have  greatly  extended  our  analytic  solutions  of  medullary  models. 
The  extension  results  by  combining  a  relation  between  volume  flow,  concentra- 
tion, and  tubal  parameters  in  a  flow  tube  exchanging  a  single  neutral  solute 
with  the  surrounding  interstitium  with  the  conservation  equation  for  the 
renal  medulla.  The  flow  relation  is 

J^=  rl  ^  A-,l/a 
F  (0)    "-r  +  A^ 

V 

where  F  (0)  is  volume  flow  entering  the  tube,  F  (L)  is  flow  leaving  the  tube, 

^2 
a  is  the  Staverman  reflection  coefficient,  and  A  =  h  / (h  a  RT  C„) ,  h  being 

s   V       0    s     ^ 

the  solute  permeability,  h^  being  the  hydraulic  permeability,  and  C  being 

the  entering  concentration.   When  this  relation  is  combined  with  the  normal- 
ized mass  balance  equation  for  a  central  core  model  of  the  medulla,  we  obtain 
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J,  1+A.  ,  ,      1+A„  ,  ,    F_  (0) 

r-1    ^r+Aj-"   ^   ^r+A^J      ''lv'^°^ 

This  then  is  an  equation  in  f,  which  is  fractional  transport  rate  referred  to 
solute  flow  entering  DHL,  the  reflection  coefficients  a,   and  a_,  (subscript 

1  refers  to  DHL  and  3  to  CD),  the  composite  parameters  A.  and  A_,  which  de- 
pend on  reflection  coefficients  and  permeabilities,  and  the  entering  volume 
flows  F   (0)  and  F^  (0) .  Although  an  analytic  expression,  one  must  in  general 

solve  it  numerically,  but  for  some  special  cases  it  can  be  solved  analytically. 
Thus,  for  h   =  0  and  o^    =    .5,  it  reduces  to  a  quadratic  with  the  solution 
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It  is  clear  that  if  4f  >  1  +  A  there  will  be  no  real  solution  and  if  4f  <  1+A, 
there  will  be  two  positive  solutions. 

We  have  further  explored  these  multiple  solutions  numerically,  utilizing 
a  path  following  technique  described  in  detail  in  the  report  on  Computer 
Simulation  of  Renal  Function.  Their  physiological  significance  remains  to 
be  established. 

Work  has  continued  on  the  qualitative  analysis  of  equations  describing 
kidney  models.  A  study  has  been  made  of  a  number  of  problems,  each  dealing 
with  a  different  set  of  differential  equations  and  boundary  conditions.   Re- 
sults include  bounds  for  solutions  and  existence  results.  Also,  in  some 
problems  uniqueness  of  solutions  was  obtained  and  in  other  problems  multi- 
plicity of  solutions  was  shown. 

A  report  on  the  earlier  work  of  a  problem  for  a  single  tube  exchanging 
with  an  interstitium  of  known  (but  not  constant)  concentration  has  been  re- 
cently published  [1] . 

The  analysis  of  the  one  tube  problem  was  extended  to  include  the  case  of 
hydrostatic  pressure.  Thus,  a  single  tube  exchanges  water  and  solute  with  an 
interstitium  of  known  (but  not  constant)  concentration  and  pressure.   Exist- 
ence and  uniqueness  results  are  obtained  for  the  resulting  boundary  value 
problems  with  certain  assumptions  on  the  transmembrane  flux  functions  J  and 

J  .  These  conditions  are  shown  to  be  satisfied  if  J  takes  the  usual  form  of 
V  s 

a  sum  of  terms  representing  passive,  active,  and  convective  (backleak)  trans- 
port. A  paper  [2]  giving  these  results  has  been  accepted  for  publication. 

Work  has  continued  on  the  analysis  of  a  system  of  differential  equations 
for  a  counterflow  system  consisting  of  an  arbitrary  number  of  parallel  flow 
tubes.   In  the  model,  some  tubes  are  allowed  to  have  positive  diffusion  and 
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other  tubes  have  zero  diffusion.   The  system  of  differential  equations  is  of 
the  form 

-D.C%  (F.C.)'  .  J^.Cx.C^,  .  .  .,  C^)  =  0 

f!  W^.(x,C^,  .  .  .,  C^)  =  0 

where  C.  F.  denote  the  steady  state  solute  concentration  and  volume  flow, 

11         ^1 
respectively,  in  the  i   tube  and  where  J  .,  J  •  denote,  respectively, 

the  total  tranmembrane  solute  flux  and  volume  flux  out  of  tube  i.   The 
boundary  conditions  imposed  are  defined  in  terms  of  the  geometry  of  the  flow 
tubes.   A  paper  is  now  in  preparation  that  will  give  a  general  existence 
theorem  for  this  system.  The  theorem  requires  certain  hypotheses  on  the  func- 
tions J  . ,  J  . .  These  hypotheses  are  satisfied  if  there  is  no  active  transport 
si    VI 

in  the  system.   The  presence  of  active  transport  introduces  certain  technical 
difficulties  that,  in  this  general  n  tube  problem,  have  not  yet  been  overcome. 
Applying  these  results  to  typical  flux  formulas,  it  is  shown  that  the  system 
cannot  concentrate  with  only  passive  and/or  convective  transports. 

Existence  and  nonuniqueness  results  have  been  obtained  for  a  boundary 
value  problem  associated  with  a  three  tube  central  core  model  of  the  renal 
medulla.   Active  transport  is  allowed  out  of  the  ascending  limb.   A  number  of 
solutions  of  the  problem  have  been  found,  and  a  linearized  stability  analysis 
of  the  solutions  is  being  undertaken.   Preliminary  results  suggest  that  the 
dominant  eigenvalue  of  the  linearized  problem,  which  determines  the  stability 
of  the  solution,  will  have  non-zero  imaginary  part.   A  paper  containing  these 
results  will  be  forthcoming. 

Proposed  Course: 

We  plan  to  continue  work  on  the  multiple  solution  of  kidney  models  and 
will  try  to  gain  a  qualitative  understanding  of  the  main  features  of  the 
solution  surface.   Work  will  also  be  continued  on  the  general  qualitative 
analysis  of  the  differential  equations  of  the  models.   In  the  immediate  future 
we  plan  to  complete  the  work  on  the  three-tube  central  core  equations.   Other 
work  that  will  be  undertaken  in  the  near  future  includes:   A  study  of  the 
singular  perturbation  problems  that  arise  when  some  of  the  permeabilities  in  a 
renal  model  become  large;  a  study  of  numerical  methods  for  finding  the  root  of 
largest  real  part  of  a  transcendental  equation,  especially  an  equation  arising 
from  the  resolvant  of  a  linear  operator.   The  latter  problem  arises  in  our 
stability  studies  mentioned  above.   A  satisfactory  algorithm  for  achieving 
this  would  have  application  in  a  number  of  areas. 
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Publications: 

1.  Garner,  J.  B.  and  Kellogg,  R.  B.  A  One  Tube  Flow  Problem  Arising  in 
Physiology.   Bull,  of  Math.  Biol.   42:295-304,  1980. 

2.  Garner,  J.  B.  and  Kellogg,  R.  B.  The  Diffusion-convection  Equation 
With  Pressure.  J.  Math  Anal,  and  Applications  (In  press). 


"go '4 


SMITHSONIAN   SCIENCE    INFORMATION    EXCHANGE 
PROJECT  NUMBER    (Do  NOT   use   this   space) 


U.S.    DEPARTMENT   OF 
HEALTH,    EDUCATION,    AND   WELFARE 
PUBLIC  HEALTH   SERVICE 
NOTICE  OF 
INTRAHURAL  RESEARCH  PROJECT 


PROJECT   NUMBER 
ZO     HL      03202-09      STB 


PERIOD   COVERED 


October  1,  1979  through  September  30,  1980 


TITLE   OF    PROJECT    (80   characters   or   less) 

Computer  Simulation  of  Renal  Function 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


J.  L.  Stephenson   Chief,  Section  on  Theoretical  Biophysics  OD  NHLBI 


OTHERS:   R.  Mejia 

R.  Tewarson 


Mathematician  OD  NHLBI 

Prof.  SUNY,  Stony  Brook,  L.  I.,  New  York 


COOPERATING  UNITS  (if  any) 

SUNY,  Stony  Brook,  L.I.,  New  York,  and  NIAMDD,  Mathematical  Research  Branch 


lab/branch 


SECTION 
Section  on  Theoretical  Biophysics 


INSTITUTE  AND  LOCATION 

NHLBI,  NIH,  Bethesda,  Md.  20205 


TOTAL  MANYEARS: 

1.8 


PROFESSIONAL: 
1.5 


OTHER: 


0.3 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


XX]  (=)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  develop  a  computer  simulation  of  the 
kidney,  which  describes  transport  of  electrolyte,  nonelectrolyte  and 
water  in  both  steady  state  and  transient  behavior.   Current  work  is 
directed  toward  the  development  and  theoretical  analysis  of  efficient 
numerical  methods  of  solving  the  differential-integral  equations  describing 
the  renal  counterflow  system  and  of  estimating  model  parameters. 
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Project  Description: 

Objectives:   The  purpose  of  this  project  is  to  develop  a  computer  simula- 
tion of  the  mammalian  kidney  that  gives  a  realistic  description  of  function. 
This  will  permit  the  correlation  of  micropuncture  and  macroscopic  clearance 
data  with  membrane  transport  characteristics. 

Major  Findings: 

1.   Path  Following 

The  existence  of  multiple  steady  states  for  certain  models  of  the 
renal  medulla  has  been  recognized  by  us  for  some  time.   Analysis  of  the 
equations  describing  central  core  models  has  shown  this  (J.  Stephenson, 
R.  Mejia,  B.  Kellogg,  Multiple  Solutions  in  Models  of  the  Renal  Medulla, 
FASEB  abs.  #560,  vol.  39,  Number  6,  May  1,  1980).   Numerical  methods  have 
been  developed  to  (i)  obtain  all  solutions  to  a  model  for  a  given  set  of 
parameters,  and  (ii)  to  follow  the  solution  surface  as  a  function  of  any 
one  of  the  model's  parameters. 

The  equations  that  describe  solute  and  water  movement  in  each  tubular 
segment  of  the  mammalian  kidney  are  as  follow: 


3c, 


d 

(c,  F      - 
^   k  V 

\ 

9x   ' 

9F 

V 

dx 

-  +  J      + 

V 

9A 
dt 

=    0 

9P 
dx 

+      RF          : 

V 

=    0. 

-)  +  J  +  ^—  (Ac,  )  =  As,  (Mass  Conservation) 


(Volume  flow) 

(Pressure  drop) 

Here  x  is  axial  distance  along  the  tube,  c,  is  the  concentration  of  the  k 

solute,  F   is  the  axial  volume  flow,  D.  is  the  diffusion  coefficient  of  the 
^v      V  k 

k   solute,  J,  is  the  transmembrane  solute  flux,  t  is  time,  A  is  the  cross 
k 

sectional  area  of  the  tube,  s,  is  the  average  net  rate  at  which  material  is 

being  produced  or  destroyed  by  physical  or  chemical  reaction,  J^  is  the 

transmembrane  volume  flux,  P  is  the  hydrostatic  pressure,  and  R  is  the 
resistance  to  flow. 

The  system  of  such  equations  with  the  appropriate  boundary  conditions, 
which  describe  a  model,  is  usually  not  amenable  to  a  closed  form  solution.. 
Thus,  a  numerical  solution  must  be  sought.   The  numerical  method  that  we 
currently  most  use  is  one  described  by  R.  Mejia  and  J.  L.  Stephenson,  An 
Alternating  Method  for  Solution  of  a  Multipoint  Boundary  Value  Problem,  SIAM, 
1979  Fall  Meeting,  Denver,  Colorado.   The  numerical  scheme  is  based  on  that 
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described  by  R.  Mej ia  and  J.  L.  Stephenson,  Numerical  Solution  of  Multinephron 
Kidney  Equations,  J.  Computational  Phys.  32  (1979),  and  extended  to  adapt  the 
iterative  method  of  solution  to  either  perform  a  Newton  step  (perhaps  reusing 
the  previous  Jacobian  matrix)  or  to  do  a  sequential  secant  step  via  a  rank 
one  update  of  the  approximate  inverse  Jacobian. 

However,  to  obtain  all  possible  solutions  for  a  given  multipoint  boundary 
value  problem  numerically  is  very  difficult.   One  approach  that  we  have  found 
successful  for  a  number  of  models  (including  a  simple  3-tube  model,  a  central 
core  model  of  the  medulla,  and  a  full  2-nephron  model)  is  to  evaluate  the 

homotopy  map  ponR  x[0,l]^R  defined  by 

p(Y,A)  E  X(},(Y)  -  (1  -  A)  (Y  -  Yq). 

where  (})  is  the  system  of  algebraic  equations  arising  from  discretization  of 
the  differential  and  conservation  equations  that  describe  the  model;  Y  is  the 
vector  of  unknown  pressures,  flows  and  solute  concentrations.   The  initial 
solution,  y   ,    is  chosen  to  be  readily  obtained  (usually  known  to  be  a 

solution  of  a  problem  previously  solved) . 
We  define 

'^'        &^^-'  lf=«     forY(0)=Yo. 


^  =  ^Wr^'  lx=  I    -I    '    1  <  i,  j  <n,  and 


*(Yo.  0)  =  0. 

If  r  has  full  rank,  then  the  yC-^)  obtained  by  solving  the  initial  value 
problem  defined  by  (*) ,  satisfies  p(Y,A)  =  0.   We  trace  p  very  closely  using 
an  algorithm  due  to  M.  Kubicek,  Dependence  of  Solution  of  Nonlinear  Systems  on 
a  Parameter,  Algorithm  502,  ACM  Transactions  on  Math.  Software  2  (1976)  and 
thus  obtain  all  desired  solutions,  Y  for  which  p(Y.  1)  =  0. 

Having  found  multiple  steady  states  for  a  number  of  models  of  interest, 
it  has  remained  to  estalalish  whether  some  solutions  are  modelling  artifacts  or 
have  some  physiological  significance.   Three  criteria  have  thus  far  been 
identified  for  this  purpose:   (i)  the  time  stability  of  solutions,  (ii)  their 
thermodynamic  energy  requirements,  and  (iii)  the  shape  of  the  solution  surface 
and  the  ability  of  physiologic  systems  to  proceed  from  one  state  to  another  on 
this  surface. 
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The  models  investigated  thus  far  have  had  either  no  solution,  one,  two  or 
three  solutions.   In  the  ca/se  of  none  or  one  stable  steady  state,  the  problem 
is  solved.   In  the  case  of  two  or  more  steady  states,  solution  of  correspond- 
ing time  dependent  problem  has  often  led  to  the  identification  of  one  solution 
as  being  unstable. 

In  the  case  of  multiple  stable  steady  states,  a  substantial  difference 
in  thermodynamic  energy  requirements  (two  orders  of  magnitude  difference) 
in  some  cases  leads  one  to  believe  that  some  steady  states  may  be  far  from 
optimal  for  the  kidney.   However,  for  some  models,  multiple  stable  states 
have  comparable  energy  requirements.  Then  the  shape  of  the  solution  surface 
or  the  path  from  one  state  to  another  on  this  surface  may  be  a  means  of 
characterizing  the  solutions. 

To  obtain  a  section  of  this  surface  through  the  X-plane  for  any  para- 
meter X,  we  proceed  in  a  manner  similar  to  the  above.   Define 

P:R"  X  R  ^  r"  by  p  =  (})(Y,A)  . 

We  then  parameterize  with  respect  to  arc  length,  s,  so  that  p  =  p(Y(s),a(s)) 

1        (  A  or 

where  a  =  ;  ^       .   , 

)Y.  for  some  i,  where 
(1 

To  obtain  the  solution  surface  we  solve  a  Davidenko  type  initial  value 
problem 


0 

*  * 

subject  to  conditions  y(0)  =  Y  ,   a  solution  so  that  (i)(Y  )  =  0,  and  a(0)  =  a^. 

In  some  simple  models  this  procedure  has  shown  that  transition  from  one 
steady  state  to  another  might  require  that  parameters  attain  physiologically 
forbidden  values;  e.g.,  a  negative  hydraulic  permeability.   In  addition,  this 
makes  it  possible  to  quantitate  the  importance  of  specific  parameters  such  as 
DHL  and  CD  reflection  coefficients,  DHL  and  CD  hydraulic  permeabilities,  and 
permeability  requirements  for  passive  urine  concentration. 

2.  Vasa  recta  model 

A  six  tube  vasa  recta  model  has  been  solved  using  a  number  of  numerical 
schemes  (R.  Mejia,  J.  L.  Stephenson  and  R.  J.  LeVeque,  A  Test  Problem  for 
Kidney  Models,  Math.  Biosci.  50(1980)).   It  is  intended  to  be  a  benchmark  for 
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investigators  to  validate  their  numerics  when  solving  similar  convection- 
diffusion  problems.  Main  conclusions  are  the  need  to  (1)  conserve  mass  and 
water  balance  in  the  formulation  and  in  the  numerical  approximations,  (2) 
approximate  the  sources  accurately  and  consistently,  since  small  errors  can 
lead  to  large  changes  in  the  solution. 

3.   Central  Core  Models 

In  collaboration  with  R.  Tewarson  (SUNY) ,  research  on  the  numerical 
solution  of  nonlinear  ordinary  and  partial  differential  equations  has 
continued. 

The  functional  relationships  in  a  central  core  model  have  been  ex- 
ploited to  improve  the  accuracy  (i.e.  reduce  the  truncation  error)  of  the 
trapezoidal  rule  discretization  of  the  differential  equations.  This  has  been 
accomplished  by  first  approximating  the  pressure  equations  in  the  tubes  with 

local  0(h  )  discretizations  without  increasing  the  connectivity  of  the  equations, 
Secondly,  the  pressure  and  volume  flow  equations  in  the  core  have  been  re- 
placed by  algebraic  equations,  thus  eliminating  truncation  errors.   Thirdly, 
the  solute  balance  equations  in  the  core  have  been  written  so  that  only  first 

derivatives  appear,  and  these  are  approximated  using  0(h)  difference  equations. 

This  method  is  being  tested  with  data  derived  from  the  full  kidney  multi- 
nephron  model  and  should  serve  as  an  inexpensive,  accurate,  limiting  case. 
Investigations  thus  far  have  yielded  results  consistent  with  prior  trape- 

3 
zoidal  rule  implementations  (locally  0(h  )). 

Proposed  Course: 

Analysis  of  the  passive  concentrating  mechanism  using  the  multinephron 
model  is  expected.   Various  improvements  of  numerical  techniques  for  solving 
the  equation  are  being  developed,  and  when  successful  will  be  incorporated 
into  the  models.   Additional  study  of  multiple  steady  states  will  be  conducted. 

Publications: 

Mejia,  R.,  and  J.  L.  Stephenson.   Numerical  Solution  of  Multinephron  Kidney 
Equations.   J.  Computational  Phys.  32:235,  1979. 

Mejia,  R.,  J.  L.  Stephenson  and  R.  J.  LeVeque.  A  Test  Problem  for  Kidney 
Models.   Math.  Biosci.   50:129,  1980. 

Tewarson,  R.  P.   A  Numerical  Method  for  Solving  Two-Point  Boundary  Value 
Problems  for  Nonlinear  Ordinary  Differential  Equations.   International  J. 
for  Numerical  Methods  in  Engineering.   15:464,  1980. 
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Salane,  D.,  and  R.  P.  Tewarson.  A  Unified  Derivation  of  Symmetric  quasi- 
Newton  Update  Formulas.  J.  Inst.  Math.  Appl .   25:29,  1980. 

Tewarson,  R.  P.   Solution  of  Nonlinear  Equations  Arising  in  the  Mathematical 
Modeling  of  Large  Systems.   Proc.  Comp.  Soc.  of  India,  Bangalore,  India, 
1979. 
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developed  that  permit  computer  simulation  and  approximate  analytic  treatment 
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timed  experiments.   Current  work  has  focused  on  the  nature  of  the  coupling 
of  solute-solute  and  solute-solvent  fluxes  and  on  the  estimation  of  model 
parameters  from  experimental  data. 
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Project  Description: 

Objectives:  The  purpose  of  this  project  is  to  develop  the  theory  of 
solute  and  water  transport  across  epithelia.  To  this  end  comprehensive 
numerical  models  have  been  developed  that  permit  computer  simulation  of 
epithelial  behavior  in  a  variety  of  experimental  settings.   It  is  the  aim 
of  this  work  to  utilize  such  models  in  the  design  of  experiments  as  well 
as  in  the  analysis  of  experimental  data.   Further,  the  numerical  data 
from  these  models  are  used  in  the  validation  of  approximations  employed 
in  analytical  models  of  transport. 

Major  findings:   (1)  An  analytic  framework  has  been  developed  which  is 
suitable  for  characterizing  and  comparing  the  performance  of  various  epithe- 
lial models  with  respect  to  the  issues  of  coupled  water  transport.   In  this 
analysis  we  denote  the  transepithelial  volume  and  solute  fluxes  by 

^v  =  ^v^S'  S'  S^ 

where  C„  is  a  reference  osmolality  and  C,,  and  C„  are  the  deviations  of  the 

0  -^      M      S 

mucosal  and  serosal  bathing  solutions  from  the  reference.   The  tonicity  of 
transport  solution,  C^j  is  defined  by 

K 

J 

S  "  S'^^M'  S'  ^0^  "  ~- 

V 

The  ability  of  the  epithelium  to  transport  water  against  an  adverse  osmotic 
gradient  is  found  by  solving  the  equation 

J^(C,  0;  Cq)  =  0 

and  C  is  termed  the  strength  of  transport  of  the  model.   Isotonic  transport 
is  verified  by  solving  the  equations 


and 


Cj^co,  C3;  Cq)  =  Cq  .  Cg 


for  C  and  C„  and  showing  these  deviations  to  be  small  fractions  of  C  .   (The 

first  of  these  equations  expresses  the  condition  of  mucosal  transport  equili- 
brium, the  second,  serosal  transport  equilibrium.)   In  the  case  that  the  bath- 
ing media  are  both  at  reference  we  denote  by  (J  )   and  (J  )   the  volume  and 

solute  flows  and  define  the  osmotic  coupling  coefficient  of  the  model  by 
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^Vo 

This  formulation  gains  intuitive  appeal  when  the  volume  and  solute  flows 
are  of  the  simple  form 

^v  =  f^v^O  -  LpfS  -  S^ 


where  L  is  the  water  permeability  of  the  epithelium.   In  this  linear  model, 

transport  isotonicity  may  be  verified  by  solving  for  the  osmotic  deviation 

* 
C  ,  that  gives  transport  at  the  reference  osmolality: 

* 


Cj^(-C  ,  0;  Cq)  =  Cj^(0,  C  ;  Cq]  =  C^. 


For  this  model, 

Thus,  whereas  (J  )^  is  the  coupled  water  flow  that  proceeds  in  the  absence 
'  V  0  ^  * 

of  an  external  gradient,  an  external  gradient  of  magnitude  C  must  be  applied 

to  drive  the  "non-coupled"  fraction  of  water  flow,  ((J^)q/Cq)(1  -  y) .    Further, 

it  is  apparent  that  the  observed  Lp  of  the  epithelium  is  relevant  only  to 
this  non-coupled  fraction  of  water  flow.   In  a  purely  formal  way,  this  ration- 
alizes the  observation  that  in  some  tightly  coupled  epithelia  there  are 
large  coupled  transepithelial  volume  flows  in  the  face  of  relatively  low  water 
permeability.   It  is  also  noted  that 

C 

* 
so  that  for  an  epithelium  that  transports  both  isotonically  (C   small)  and 

against  a  substantial  gradient  (C  large)   the  osmotic  coupling  must  be  tight 
(Y  close  to  1) . 

Several  existing  models  of  epithelial  water  transport  are  of  this  linear 
form  and  include  a  compartment  model  of  the  lateral  intercellular  space,  a 
standing  gradient  model  of  the  interspace,  and  a  simple  epithelium  between 
external  unstirred  layers.   (With  realistic  parameter  choices,  only  the 
compartment  model  appears  capable  of  simulating  both  uphill  water  transport 
and  isotonic  transport.)   The  general  analytic  framework,  along  with  the 
analysis  of  each  of  these  epithelial  models  has  been  written  up,  in  collabora- 
tion with  Dr.  Kenneth  R.  Spring,  LKEM,  NHLBI,  as  the  chapter  "Coupled  Trans- 
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port  of  Water"  for  the  volume  Membrane  Transport.  This  material  has  also 
been  presented  at  the  Gordon  Conference  for  Theoretical  Biology  (6/80) . 

(2)  The  analysis  of  the  compartment  model  of  the  lateral  intercellular 
space  displays  the  composite  epithelial  parameters  in  terms  of  the  component 

membrane  properties.   In  particular,  the  strength  of  transport,  C,  is  determ- 
ined by  the  salt  transport  rate  relative  to  the  channel  basement  membrane 

* 
solute  permeability,  while  transport  isotonicity,  C  ,  depends  on  the  salt 

transport  rate  relative  to  cell  membrane  water  permeability,  L  .  The  whole 
epithelial  L  depends  on  both  the  cell  membrane  water  permeability,  L  ,  and 
the  channel  basement  membrane  solute  permeability  and  is  given  by 

Lp=Lj^(l-Y). 

This  means  that  when  coupling  is  tight,  the  epithelial  water  permeability 
must  inevitably  be  a  gross  underestimate  of  the  cell  membrane  permeability 
relevant  to  isotonic  transport.   Numerical  studies  with  our  comprehensive 
epithelial  computer  simulation  supports  the  applicability  of  the  intuition 
gained  from  this  non-electrolyte,  compartment  analysis.  This  work  has  been 
submitted  for  publication  ("Models  of  Coupled  Salt  and  Water  Transport  Across 
Leaky  Epithelia.") 

(3]  A  standing-gradient-type  model  of  the  lateral  interspace  has  been 
analyzed  using  the  isotonic  convection  approximation  of  Segel.  As  in  the 
compartment  model,  transport  isotonicity  depends  upon  the  high  water  perme- 
ability of  the  cell  membranes.   Analagous  to  the  compartment  model,  the 
strength  of  transport  is  enhanced  by  diffusion  limitation  within  the  channel, 
but  unlike  the  compartment  model,  transport  strength  is  weakened  by  high  cell 
membrane  water  permeability  (due  to  convective  mixing  of  the  channel  con- 
tents) .   With  the  constraint  of  isotonic  transport,  it  appears  that  no 
realistic  choice  of  parameters  can  simulate  the  strength  of  transport  ob- 
served in  rabbit  gallbladder.   (Submitted  for  publication  as  "Coupled 
Water  Transport  in  Standing  Gradient  Models  of  the  Lateral  Intercellular 
Space.") 

Proposed  Course:  The  isotonic  convection  approximation  leads  to  a  set 
of  linear  equations  for  epithelial  transport.  With  these  linear  flux  laws, 
the  time-dependent  equations  for  mass  balance  in  the  proximal  tubule  take 
the  form  of  the  classical  wave  equation.   It  is  proposed  to  use  the  solution 
of  the  wave  equation  to  understand  data  from  perfused  tubule  experiments. 

Publications: 

Weinstein,  A.  M.,  and  Stephenson,  J.  L.   Electrolyte  transport  across  a 
simple  epithelium:  Steady  state  and  transient  analysis.   Biophysical  J. 
27:165-186,  1979. 
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Annual  Report  of  the  Pathology  Branch 
Division  of  Intramural  Research 
National  Heart,  Lung,  and  Blood  Institute 
October  I,  1979  through  September  30,  1980 


Investigations  during  the  above  time  period  as  in  previous  years 
centered  primarily  on  studies  of  coronary,  valvular,  myocardial,  and 
congenital  heart  diseases,  and  on  diseases  of  the  lung. 


CORONARY  HEART  DISEASE 


The  role  of  thrombus  in  a  coronary  artery  in  patients  with  fatal 
acute  myocardial  infarction  remains  controversial .   When  it  was  first 
appreciated  that  coronary  luminal  narrowing  was  the  cause  of  acute 
myocardial  infarction,  it  was  believed  that  a  thrombus  in  a  coronary 
artery  percipitated  the  acute  myocardial  infarction.   In  recent  years 
from  work  in  this  branch  and  elsewhere  it  has  been  suggested  that  the 
thrombus  in  a  coronary  artery  follows  rather  than  percipitates  an 
acute  myocardial  infarction.   A  group  of  54  necropsy  patients  with 
transmural  acute  myocardial  infarction  and  coronary  thrombi  were 
studied.   Histologic  sections  of  coronary  arteries  containing  thrombi 
were  examined  by  videoplanimetry  to  determine  1)  the  amount  of  luminal 
narrowing  caused  by  thrombi  compared  to  that  produced  by  underlying 
atherosclerotic  plaques  and  2)  the  amount  of  luminal  narrowing  by 
plaques  immediately  proximal  and  distal  to  the  thrombi.   The  54 
coronary  arteries  were  narrowed  by  atherosclerotic  plaques  alone  from 
33%  to  98%  (mean  81)  in  cross-sectional  area  at  the  site  of  the 
thrombus;   from  26-98%  (mean  75)  within  the  2  cm  segment  proximal  to 
the  thrombus  and  from  43-98%  (mean  79)  within  the  2  cm  segment  distal 
to  the  thrombus.   Of  the  54  coronary  arteries,  52  (96%)  were  narrowed 
76-98%  in  cross-sectional  area  by  atherosclerotic  plaque  alone  at  or 
immediately  proximal  or  distal  to  the  thrombus  and  26  (48%)  of  them 
were  narrowed  91-98%  by  plaque  alone.   Thus,  among  necropsy  patients 
with  transmural  acute  myocardial  infarction,  coronary  thrombi  occur  at 
sites  already  severely  narrowed  by  atherosclerotic  plaques.   This 
observation  suggests  a  relatively  minor  role  of  coronary  thrombi  as  a 
terminal  event  in  patients  with  fatal  acute  myocardial  infarction. 

Another  study  concerned  the  extent  of  coronary  narrowing  in 
patients  with  anterior  versus  posterior  transmural  acute  myocardial 
infarction.   It  has  been  believed  for  years  that  patients  with 
anterior  wall  infarction  have  more  narrowing  of  the  left  anterior 
descending  coronary  artery  than  in  either  of  the  posterior  supplying 
coronary  arteries,  and  conversely  that  patients  with  posterior  wall 
acute  myocardial  infarction  have  more  narrowing  of  1  or  both  posterior 
perfusing  coronary  artery.   Each  5-mm  long  segment  of  each  of  the  4 
major  epicardial  coronary  arteries  was  studied  at  necropsy  in  50 
patients  with  their  first  acute  transmural  myocardial  infarction.   The 


^/r 


percent  of  coronary  arteries  narrowed  76-100%  in  cross-sectional  area 
by  atherosclerotic  plaque  alone  was  similar  in  anterior  and  posterior 
wall  myocardial  infarction  patients  (74%  versus  75%;  average  3.0  or  4 
coronary  arteries  per  patient).   A  lower  percentage  of  5-nni  coronary 
segments  in  the  anterior  acute  myocardial  infarct  patients,  however, 
were  narrowed  76-100%  than  in  posterior  acute  myocardial  infarction 
(39%  versus  23%  [p<.001]).   Thus,  our  necropsy  patients  with  posterior 
wall  myocardial  infarction  had  more  extensive  and  more  severe 
narrowing  than  did  our  patients  with  anterior  wall  infarction.   If  the 
coronary  arteries  had  not  been  examined  in  a  quantitative  manner,  this 
difference  in  severity  would  not  have  been  apparent.   Also,  patients 
with  anterior  wall  myocardial  infarction  do  not  have  more  narrowing  of 
the  left  anterior  descending  coronary  artery  than  1  or  both  posterior 
perfusing  arteries  and  patients  with  posterior  wall  infarction  do  not 
have  more  narrowing  of  1  or  both  posterior  perfusing  arteries  than  of 
the  left  anterior  descending  coronary  artery. 

During  the  last  3  years  a  number  of  quantitative  coronary 
arterial  studies  have  been  performed  in  this  branch.   These  studies 
have  consisted  of  preparing  a  histologic  section  from  each  5-mm 
segment  of  each  of  the  4  major  coronary  arteries.   As  a  rule 
approximately  55  to  60  5-mm  segments  were  examined  from  each  patient. 
We  have  found  that  unless  this  quantitative  approach  is  done  that  it 
is  not  possible  to  obtain  meaningful  information  regarding  whether  one 
group  of  patients  has  more  or  less  coronary  narrowing  than  another 
group.   One  quantitative  study  consisted  of  determining  the  degrees  of 
cross-sectional  area  luminal  narrowing  by  atherosclerotic  plaques  in 
each  5-mm  segment  of  each  of  the  4  major  epicardial  coronary  arteries 
in  22  necropsy  patients  with  systemic  lupus  erythematosus.   Of  625 
five-mm  coronary  segments  in  the  lupus  patients, 80  (13%)  were 
narrowed  76-100%  (controls  =  0  or  431  segments);  125  (20%),  51-75% 
(controls  =  6%);  273  (44%),  26-50%  (controls  =  63%)  and  145  (23%), 
0-25%  (controls  =  31%).   Although  the  22  patients  with  lupus  had  more 
coronary  arterial  narrowing  than  did  the  controls,  10  of  the  22  lupus 
patients  had  considerably  more  narrowing  than  did  the  controls  and  the 
remaining  12  had  similar  degrees  of  coronary  narrowing  as  the  control 
patients.   Comparison  of  the  10  lupus  patients  with  considerable 
coronary  narrowing  to  the  12  without  disclosed  that  the  former  group 
had  significantly  higher  mean  values  of  total  serum  cholesterol, 
higher  mean  systolic/diastolic  arterial  pressures,  and  a  higher 
frequency  of  pericardial  disease.   Thus,  lupus  patients  treated  with 
corticosteroids,  in  general,  have  more  coronary  narrowing  than  do 
control  subjects  but  among  those  with  lupus  some  have  severe  narrowing 
and  others  have  relatively  litle  narrowing. 


Another  quantitative  study  consisted  of  examining  each  5-mm 
segment  of  the  4  major  epicardial  coronary  arteries  in  6  necropsy 
patients  with  the  Hurler  syndrome.   In  5  of  the  6  patients,  at  least  1 
of  the  4  major  coronary  arteries  was  narowed  76-100%.   Of  the  24  major 
coronary  arteries  in  the  6  patients,  17  (71%)  were  narrowed  at  some 
point  from  76-100%.   A  total  of  575  five-mm  segments  were  examined 
from  the  24  major  coronary  arteries  and  the  percent  narrowed  to 
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various  degrees  was  as  follows:   96-100  %  =  14  (8  %);  76-95  %  =  61  (34 
%);  51-75  %  =  59  (32  %);  26-50  %  =  39  (21  %)  and  0-25  %  =  9  (5  %). 
Thus,  narrowing  of  the  major  epicardial  coronary  arteries  at  necropsy 
is  usually  diffuse  and  severe  in  the  Hurler  syndrome  which  is  the 
cause  of  the  most  severe  degrees  of  coronary  narrowing  in  childhood. 

Considerable  interest  in  recent  years  has  centered  on  the 
usefulness  of  running  or  jogging  as  a  preventive  of  coronary 
atherosclerosis.   We  studied  at  necropsy  5  runners  who  ran  from  14  to 
110  miles  weekly   (mean  =  52)  for  1  to  10  years  (mean  =  4).   None  had 
clinical  evidence  of  cardiac  disease  before  they  became  habitual 
runners.   All  died  while  running,  and  at  necropsy  all  had  severe 
coronary  atherosclerotic  narrowing.   All  5,  aged  14  to  53  years  were 
white  men,  4  of  the  5  had  hypercholesterolemia  and  at  least  2  had 
systemic  hypertension.   Although  none  ever  had  a  clinical  event 
compatible  with  acute  myocardial  infarction,  at  necropsy  4  had 
transmural  myocardial  scars.   Thus,  among  patients  aged  40-55  years 
who  are  runners,  it  appears  that  coronary  heart  disease  is  the  major 
killer.   This  study  does  not  imply  that  running  is  bad  for  one's  heart 
but  simply  that  if  running  is  to  prevent  development  of  severe 
coronary  atherosclerosis  that  the  running  must  start  early  in  life  and 
not  after  age  40. 

The  accuracy  of  determining  degrees  of  cross-sectional  narrowing 
of  coronary  arteries  by  visual  inspection  of  histologic  sections 
magnified  25  to  50  times  was  compared  to  that  obtained  by     "" 
videoplanimetry.   It  was  found  that  the  degree  of  agreement  between 
visual  inspection  of  these  sections  under  microscopy  and  that 
determined  by  video-planimetry,  a  highly  accurate  technique,  was  >95%. 
In  addition,  interobserver  error  was  also  minimal. 


A  group  of  28  patients  (24  men)  with  healed  myocardial  infarcts 
and  true  left  ventricular  aneurysms  were  examined.   In  contrast  to 
other  subsets  of  necropsy  patients  with  fatal  coronary  heart  disease, 
chronic  congestive  heart  failure  was  frequent  (22  patients);  angina 
pectoris  was  infrequent  (4  patients)  and,  when  present,  never  severe; 
recurrence  of  acute  myocardial  infarction  (2  patients),  sudden  death 
(2  patients),  and  clinically  evident  systemic  emboli  (1  patient)  were 
infrequent.   Additionally,  most  (23  patients)  had  large  hearts  (>400 
gms)(mean  523  gms),  26  had  dilated  nonaneurysmal  portions  of  left 
ventricle,  and  all  but  one  had  large  myocardial  infarcts.   In  25  of 
the  28  patients,  2  or  more  of  the  4  major  coronary  arteries  were 
narrowed  >75%  in  cross-sectional  area  by  atherosclerotic  plaque. 
Thus,  the  scarred,  hypertrophied  and  aneurysmally  dilated  left 
ventricle  infrequently  produces  chest  pain  or  fatal  arrhythmias 
despite  severe  diffuse  coronary  narrowing. 

Although  the  degrees  of  cross-sectional  area  narrowing  appeared 
to  be  dominant  determinant  of  whether  on  e  has  symptons  of  or  fatal 
coronary  heart  disease,  the  size  of  the  coronary  arteries  in  subsets 
of  coronary  heart  disease  patients  has  never  been  determined. 
Accordingly,  the  cross-sectional  are  (that  portion  enclosed  by  the 
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internal  elastic  membrane)  of  histologic  sections  from  the  first  5-mm 
long  segments  of  the  right,  left  anterior  descending  and  left 
circumflex  coronary  arteries  was  determined  by  videoplanimetry  in  98 
necropsy  patients  with  fatal  coronary  heart  disease  and  in  46  control 
subjects  (without  significant  coronary  narrowing).   Significant  (p  <0. 
002)  differences  were  observed  in  mean  cross-sectional  area  of  each  of 
the  3  major  coronary  arteries  in  5  subgroups  of  coronary  patients  and 
among  and  between  the  control  subjects  and  these  differences  resulted 
primarily  from  differences  in  heart  weight  and  to  a  slight  extent 
differences  in  age.   Therefore,  the  coronary  size  and  myocardial  mass 
cancel  out  one  another  and  one  is  left  with  cross-sectional  area 
narrowing  as  the  major  determinant  of  symptons  or  fatality  from 
coronary  heart  diesease. 


It  is  been  believed  for  many  years  that  the  epicardial  coronary 
arteries  have  accelerated  degrees  of  atherosclerosis  in  patients  with 
diabetes  mellitus  compared  to  those  without  this  metabolic 
distrubance.   We  studied  229  necropsy  patients  with  diabetes  mellitus 
with  onset  of  diabetes  after  30  years  of  age:   65  of  them  had  no 
symptomatic  coronary  heart  disease  and  164  had  clinical  evidence  of 
coronary  heart  disease.   These  229  necropsy  patients  were  compared  to 
183  age,  sex  matched  non-diabetic  patients  who  died  from  a  fatal 
coronary  event.   The  average  number  of  3  major  coronary  arteries  per 
patient  narrowed  76-100%  in  cross-sectional  area  by  atherosclerotic 
plaque  was  similar  in  the  229  diabetic  patients  and  in  the  183 
non-diabetic  patients.   This  similarity  in  the  amount  of  coronary 
arterial  narrowing  was  present  irrespective  of  the  age  at  onset  (after 
30  years)  or  duration  of  the  diabetes  mellitus.   The  diabetic  patients 
with  symptomatic  coronary  heart  disease  had  more  severe  narrowing  of 
the  3  major  coronary  arteries  then  did  the  diabetic  patients  without 
symptomatic  coronary  heart  disease  (p  <.01). 

During  the  last  10  years  a  number  of  angiographic  studies  have 
emphasized  the  poor  prognosis  in  patients  with  severe  narrowing  of  the 
left  main  coronary  artery  but  no  studies  have  appeared"  examining  the 
accuracy  of  angiographic  interpretation  of  luminal  narrowing  of  this 
artery.   To  evaluate  the  accuracy  of  coronary  angiography  in 
identifying  severe  narrowing  of  the  left  main  coronary  artery,  the 
degree  of  narrowing  observed  by  angiography  was  compared  to  that  of 
observed  at  necropsy  in  28  patients  with  symptomatic  coronary  heart 
disese  in  whom  angiography  had  been  performed  within  40  days  of  death. 
The  angiograms  were  evaluated  independently  by  3  experienced 
angiographers.   In  20  (71%)  of  the  28  patients,  the  degree  of 
narrowing  of  the  left  main  coronary  artery  was  either  underestimated 
(13  patients)  or  overestimated  (10  patients)  by  2  or  3  of  3 
angiographers:   of  84  angiographic  judgments  made  by  the  3 
angiographers  in  the  28  patients,  54  (64%)  were  underestimates  (33 
judgments  [39%])  or  overestimates  (21  judgments  [25%])  of  the  degree 
of  left  main  coronary  narrowing.   Thus,  angiographic  determinations  of 
degree  of  narrowing  of  this  artery  during  life  is  subject  to 
considerable  error. 
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In  our  study  of  chronic  true  left  ventricular  aneurysm,  we 
observed  a  very  low  frequency  of  systemic  emboli  despite  a  very  high 
frequency  of  intraaneurysmal  thrombus.  From  previous  studies  in  this 
branch  we  have  also  observed  that  thrombi  are  frequent  in  the  left 
ventricle  and  other  cardiac  chambers  in  patients  with  idiopathic 
dilated  cardiomyopathy  and  that  systemic  emboli  in  the  latter  group  of 
patients  are  relatively  frequent.  Therefore,  we  attempted  to  determine 
why  systemic  emboli  were  infrequent  in  the  patients  with  true  left 
ventricular  aneurysm  and  frequent  in  those  with  idiopathic  dilated 
cardiomyopathy.  It  was  reasoned  that  emboli  in  the  patients  with  left 
ventricular  aneurysm  was  infrequent  because  the  thrombus  was  present 
only  within  the  aneurysm  and  therefore  only  one  of  its  4  surfaces  was 
exposed  to  the  intracavitary  left  ventricular  blood.   In  contrast,  in 
patients  with  idiopathic  dilated  cardiomyopathy,  the  left  ventriclar 
wall  beneath  the  thrombus  was  not  scarred  or  necrotic  or  bugled  and, 
therefore,  at  least  3  of  its  surfaces  were  exposed  to  the 
intracavitary  blood. 


VALVULAR  HEART  DISEASE 


Although  the  Bjork-Shiley  prosthesis  has  many  favorable 
features,  it  is  a  delicate  prosthesis  and  therefore  is  subject  to 
complications  which  might  not  complicate  valve  replacement  with  other 
prostheses,  like  the  caged  ball  in  which  the  margin  of  error  is  less. 
We  studied  3  patients  who  developed  severe  aortic  regurgitation  after 
aortic  valve  replacement  with  a  tilting-disc  prosthesis.   The 
regurgitation,  fatal  in  2,  resulted  from  long  sutures  or  their  knots 
or  both  overhanging  the  metalic  ring  of  the  prosthesis,  preventing 
complete  seating  of  the  occluder.   In  1  patient  simply  cutting  the 
overhanging  suture  eliminated  the  aortic  regurgitation.   The  problem 
of  suture  overhang  appears  more  lightly  to  occur  when  aortic  valve 
replacement  is  carried  in  patients  with  relatively  small  aortic 
roots. 

Evaluation  of  porcine  bioprostheses  has  been  a  continuing 
interest  of  this  branch.   Of  14  porcine  bioprostheses  found  to  contain 
calcific  deposits  at  the  time  of  removal,  either  at  reoperation  (13 
patients)  or  necropsy  (1  patient),  11  had  been  in  the  mitral  position, 
1  in  the  aortic,  1  in  the  tricuspid,  and  1  in  a  pulmonary  arterial 
conduit.   The  bioprostheses  had  been  in  place  from  3  to  94  months 
(mean  39).   From  analysis  of  these  14  bioprostheses  and  review  of 
reports  concerning  37  other  calcified  porcine  bioprostheses,  the 
following  conclusions  were  made:   calcific  deposits  may  occur  in  all 
aged  patients  but  are  more  likely  to  become  severe  and  clinically 
significant  in  children  and  in  young  adults  than  in  older  patients; 
the  calcific  deposits  in  bioprostheses  can  cause  the  substitute  valve 
to  become  stenotic  or  incompetent;  metabolic  disorders  in  the  patients 
with  bioprostheses  were  not  found;  the  2  main  sites  of  calcific 
deposition  in  these  porcine  valve  bioprostheses  were  the  connective 
tissue  in  the  cusps  and  small  thrombi  on  the  cuspal  surfaces. 
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MYOCARDIAL  HEART  DISEASE 


It  is  well  recognized  that  myocardial  fiber  disorganization  is  a 
common  histologic  feature  of  patients  with  hypertrophic 
cardiomyopathy.  -We  compared  the  extent  of  the  myocardial-cell 
disorganization  in  excised  operative  septectomy  specimens  to  that 
observed  at  necropsy  in  the  same  18  patients  with  hypertrophTc 
cardiomyopathy  who  died  after  operation.   Disorganization  was  present 
in  all  18  patients  at  necropsy  and  was  extensive  (>5%)  in  16  of  them. 
In  contrast,  there  was  no  disorganziation  in  the  operative  specimens 
of  3  patients  and  only  a  trivial  amount  (<1%)  in  5  others. 
Disorganization  extensive  enough  (>5%)  to  suggest  hypertrophic 
cardiomyopathy  was  present  in  the  operative  specimens  of  only  6  of  the 
18  patients.   The  mean  area  of  disorganization  at  necropsy  was  20  +  3% 
compared  to  7  +  2%  in  the  operative  specimens  (p<0.001).   Thus, 
histologic  examination  of  operatively  excised  septectomy  specimens  is 
of  limited  value  in  confirming  the  diagnosis  of  hyperthrophic 
cardiomyopathy. 

There  are  many  causes  of  sudden  cardiac  death.   The  most  common 

in  our  experience  of  course  being  coronary  heart  disease  and  secondly 

hypertrophic  cardiomyopathy.   Among  young  individuals  we  found  several 
in  whom  sudden  death  occurred  unexpectedly  and  the  diagnosis  at 

necropsy  was  cardiac  sarcoidosis.   This  condition  should  be  added  to 

the  list  of  causes  of  sudden  cardiac  death,  particularly  in  young 
patients. 

The  Ultrastructure  Section  of  the  Pathology  Branch  has 
particularly  been  interested  in  recent  years  in  adriamycin  toxicity 
and  the  effect  of  certain  compounds  on  that  toxicity.   In  dogs, 
rabbits,  and  pigs  the  effects  of  vitamin  E  and  selenium  on  adriamycin 
toxicity  was  investigated  and  cardioprotection  by  vitamin  E  and  or 
selenium  was  found  to  be  of  limited  value  or  nonexistent. 


CONGENITAL  HEART  DISEASE 


Most  patients  with  congenital  heart  disease  have  defects  in 
atrial  or  ventricular  septum  or  obstructions  at  or  below  or  above 
cardiac  valves  or  anomalies  of  arterial  or  venous  connections  or 
combinations  of  the  3.   During  the  past  year,  we  studied  2  patients  at 
necropsy  in  whom  a  portion  of  both  right  and  left  ventricular  free 
wall  was  hypoplastic  from  birth.   This  parchment-like  thinning  of 
portions  of  the  right  and  left  ventricular  free  wall  (called  by  some 
Uhl's  anamoly)  was  found  in  a  61-year-old  man  who  died  suddenly  but 
had  never  previously  had  evidence  of  cardiac  dysfunction  and  in  a 
55-year-old  woman  who  had  progressive  eventually  intractable  fatal 
congestive  heart  failure  of  29  months  duration.  Thus,  patients  with 
parchment-like  hearts  may  have  involvment  of  the  left  ventricular  free 
wall  as  well  as  the  right.  While  some  have  no  evidence  of  cardiac 
dysfunction  others  develop  severe  progressive  congestive  failure. 
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We  also  studied  2  patients  with  pulmonic  valve  stenosis,  atrial 
septal  defect  and  left-to-right  interatrial  shunting  with  intact 
ventricular  septa.   It  is  well  known  that  patients  with  pulmonic  valve 
stenosis  often  have  right-to-left  shunting  at  the  atrial  level  but  it 
has  not  been  explained  why  patients  with  pulmonic  valve  stenosis  may 
at  times  have  pure  left-to-right  shunting.   The  2  patients  we  studied 
were  69  and  55  years  of  age,  respectively.   Both  had  moderate  degrees 
of  pulmonic  valve  obstruction  (pressure  gradient  about  55  mm  Hg)  and 
large  secundum  type  atrial  septal  defects.   In  comparison  to  previous 
patients  reported  from  this  branch  with  right-to-left  shunting  at  the 
atrial  level  associated  with  pulmonic  valve  stenosis,  the  patients 
with  pure  left-to-right  shunts  at  the  atrial  level  had  large  secundum 
atrial  septal  defects  and  only  moderate  pulmonic  valve  stenosis 
whereas  those  with  right-to-left  shunts  had  patent  foramen  ovale  only 
and  severe  pulmonic  valve  obstruction. 

It  well  known  that  patients  with  the  Marfan  syndrome  usually  die 
from  a  distinctive  cardiovascular  malformation  affecting  mainly  the 
ascending  aorta  and  that  the  average  age  of  death  is  34  years.   We 
studied  a  69-year-old  man  who  had  none  of  the  skeletal  features  of  the 
Marfan  syndrome  but  yet  had  all  of  the  distinctive  cardiovascular 
features.   Why  some  patients  with  the  Marfan  type  of  cardiovascular 
disease  live  into  the  6th,  7th  and  8th  decades  and  why  other  patients 
with  similar  cardiovascular  Marfan  type  malformations  but  without  the 
Marfan  syndrome  die  at  a  relatively  young  age  has  not  been  determined. 


PERICARDIAL  HEART  DISEASE 


The  structure  of  normal  human  parietal  pericardium  has  not  been 
examined  in  detail.   Such  was  the  case  carried  out  in  7  patients.   It 
was  observed  that  the  normal  human  parietal  pericardium  is  composed  of 
3  layers:   the  serosa,  the  fibrosa  and  the  epipericardial  connective 
tissue  layer.   Scanning  electron  microscopic  examination  of  parietal 
pericardium  disclosed  the  pericardial  mesothelial  cells  to  have  single 
cilia  with  microvilli.   The  latter  appear  to  bear  friction  and 
increase  the  surface  area  for  fluid  transport.   Junctional  complex 
between  adjacent  mesothelial  cells  were  found  to  consist  of 
desmosomes,  which  reinforce  intercellular  adhesion,  and  zonulae 
occludentes,  which  form  permeability  barriers.   The  collagen  in  the 
fibrosis  has  a  wavy  or  "crimped"  configuration  which  permits 
stretching  of  the  pericardial  connective  tissue. 


MISCELLANEOUS  HEART  DISEASE 


Experimentally  it  has  been  demonstrated  that  radiation  in  high 
doses  can  damage  the  heart  in  non-human  experimental  animals  but 
surprisingly  relatively  little  morphologic  information  is  available  on 
the  effect  of  radiation  on  human  heart.   We  studied  16  necropsy 
patients  aged  15  to  33  years  who  received  >3500  rad  to  the  heart  5-144 
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months  before  death.   All  had  some  radiation-induced  damage  to  the 
heart:   15  had  thickened  pericardia;  8  had  increased  interstitial 
myocardial  fibrosis,  particularly  in  the  right  ventricle;  12  had 
fibrous  thickening  of  the  mural  endocardium  and  13,  of  the  valvular 
endocardium.   Except  for  valvular  thickening,  the  changes  were  more 
frequent  in  the  right  than  in  the  left  side  of  the  heart,  presumably 
because  of  higher  radiation  doses  to  the  anterior  cardiac  surface. 
Six  of  the  16  study  patients  and  1  of  10  control  subjects  had  1  or 
more  major  epicardial  arteries  narrowed  76-100%  in  cross-sectional 
area  by  atherosclerotic  plaque.   Thus,  radiation  to  the  heart  may 
produce  a  wide  spectrum  of  functional  and  anatomical  changes,  but 
particularly  damage  to  the  pericardia  and  the  underlying  epicardial 
coronary  arteries. 

The  cardiac  lesions  produced  in  dogs  by  single  transthoracic 
damped  sinusoidal  waveform  shocks  were  examined  and  these  were  found 
to  consist  of  focal  area  of  myocyte  necrosis  with  contraction  bands 
and  calcific  deposits.   Inflammatory  cells  also  were  present.   The 
lesions  underwent  gradual  resolution  over  a  period  of  8  weeks. 

Fatal  Petriellidium  Boydii  infection  with  right-sided 
endocarditis  was  described  m  a  62  year  old  woman  who  had  mixed 
connective  tissue  disease  treated  by  cordicosteroids .   Endocarditis 
due  to  P.  Boydii  has  not  been  described  previously. 


LUNG 


A  study  was  done  on  subplasmalemmal  linear  densities  and 
mononuclear  cells  found  in  the  lung.   These  densities  consisted  of  a 
thin  layer  of  electron-dense  material  immediately  subjacent  to  the 
inner  aspect  of  the  plasma  membrane  and  they  were  found  in  cells  of 
the  mononuclear  phagocyte  system  in  lung  biopsies  from  patients  with 
fibrotic  disorders.   Two  types  of  subplasmalemmal  linear  densities 
were  found. 
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arteries  was  narrowed  76-100  percent,  and  in  four  of  these  five  patients 
all  four  major  arteries  were  narrowed  to  this  extent.   Of  the  24  major 
coronary  arteries  in  the  six  patients,  17  (71  percent)  were  narrowed  at 
some  point  from  76-100  percent.  A  total  of  570  five-tnm  segments  were 
examined  from  the  24  major  coronary  arteries  and  the  percent  narrowed  to 
various  degrees  was  as  follows:   96-100  percent  =  14  (8  percent);  76-95 
percent  =  61  (34  percent);  51-75  percent  =  59  (32  percent);  26-50  percent 
=  39  (21  percent)  and  0-25  percent  =  9  (5  percent). 
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these  individuals  was  so  common.   It  was  speculated  that  the  reason  emboli 
in  these  patients  with  aneurysm  was  so  infrequent  was  that  the  thrombus  was 
present  in  the  aneurysm  alone  and  therefore  only  one  surface  of  the  thrombus 
was  exposed  to  the  intra  left  ventricular  cavity  blood.   In  other  words,  the 
thrombus  did  not  bulge  into  the  left  ventricular  cavity  as  it  did  in  patients, 
for  example,  with  dilated  cardiomyopathy  and  in  the  latter  group  systemic  em- 
boli are  very  frequent. 

Publications:   Cabin,  H.S.,  and  Roberts,  W.C:   Left  ventricular  aneurysm, 
intraaneurysmal  thrombus  and  systemic  embolus  in  coronary 
heart  disease.   Chest.   77:586-590,  May  1980. 
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port was  to  discuss  proper  management  of  patients  with  cardiac  metastases. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  evaluate  the  accuracy  of  coronary  angiography  in  identifying  severe 
narrowing  of  the  left  main  coronary  artery  (LMCA) ,  the  degree  of  narrowing  ob- 
served by  angiography  was  compared  to  that  observed  at  necropsy  in  28  patients 
with  symptomatic  coronary  heart  disease  in  whom  angiography  had  been  performed 
within  40  days  of  death.   The  angiograms  were  evaluated  independently  by  3  ex- 
perienced angiographers.   In  20  (71%)  of  the  28  patients,  the  degree  of  narrow- 
ing of  the  LMCA  was  either  underestimated  (13  patients)  or  overestimated  (10 
patients)  by  2  or  3  of  3  angiographers;  of  84  angiographic  judgments  made  by 
the  3  angiographers  in  the  28  patients,  54  (64%)  were  underestimates  (33  judg- 
ments [39%])  or  overestimates  (21  judgments  [25%1)  of  the  degree  of  LMCA  narrow- 
ing. 
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Project  Description:   To  evaluate  the  accuracy  of  coronary  angiography  in 
identifying  severe  narrowing  of  the  left  main  coronary  artery  (LMCA) ,  the  de- 
gree of  narrowing  observed  by  angiography  was  compared  to  that  observed  at  ne- 
cropsy in  28  patients  with  symptomatic  coronary  heart  disease  in  whom  angio- 
graphy had  been  performed  within  40  days  of  death.   The  angiograms  were  evalu- 
ated independently  by  3  experienced  angiographers.   In  20  (71%)  of  the  28  pa- 
tients, the  degree  of  narrowing  of  the  LMCA  was  either  underestimated  (13  pa- 
tients) or  overestimated  (10  patients)  by  2  or  3  of  3  angiographers;  of  84 
angiographic  judgments  made  by  the  3  angiographers  in  the  28  patients,  54 
(64%)  were  underestimates  (33  judgments  [39%])  or  overestimates  (21  judgments 
[25%])  of  the  degree  of  LMCA  narrowing.   Of  12  LMCAs  narrowed  76-100%  in 
cross-sectional  area  (XSA)  at  necropsy,  6  were  underestimated  at  preoperative 
angiography  by  2  or  3  of  3  angiographers;  of  12  LMCAs  narrowed  51-75%  in  XSA 
at  necropsy,  all  12  were  either  under-  or  over-estimated  angiographically  by 
2  or  3  of  3  angiographers;  of  4  LMCAs  narrowed  26-50%  in  XSA  at  necropsy,  2 
were  overestimated  by  2  of  3  angiographers.   Thus,  angiographic  determination 
of  degrees  of  narrowing  of  the  LMCA  during  life  is  subject  to  considerable 
error.   The  angiographic  errors  appear  to  have  resulted  primarily  from  1)  the 
presence  of  atherosclerotic  plaque  in  the  LMCA  in  all  28  patients  and  2)  an 
insufficient  number  of  angiographic  projections  in  all  28  patients. 

Publications:   Isner,  J.M.,  Kishel ,  J.,  Kent,  K.M. ,  Ronan,  J. A.,  Ross,  A.M., 
Roberts,  W.C.:   Accuracy  of  angiographic  determination  of  left 
main  coronary  arterial  narrowing:   Angiographic-histologic  cor- 
relative analysis  in  28  patients.   Circulation.   (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Clinical  and  necropsy  observations  are  described  in  28  patients  (24  men)  aged 
31-85  years  (mean  62)  with  healed  myocardial  infarcts  and  true  left  ventricular 
aneurysms .   In  contrast  to  other  subsets  of  necropsy  patients  with  fatal  coro- 
nary  heart  disease,  chronic  congestive  cardiac  failure  was  frequent  (ZZ  pa- 
tients) ;  angina  pectoris  was  infrequent  (4  patients)  and,  when  present,  never 
severe;  recurrence  of  acute  myocardial  infarction  (2  patients) ,  sudden  death 
(2  patients),  and  clinically  evident  systemic  ei*oli  (1  patient)  were  infrequent; 
survival  for  more  than  5  years  after  healing  of  the  acute  myocardial  infarct  was 
infrequent  (in  3  of  21  patients  with  clinically  diagnosed  acute  myocardial  in- 
farcts) ,  and  survival  for  longer  than  1  year  after  aneurysmectomy  was  lacking 
(0  of  7  patients).   Additionally,  most  (23  patients)  had  large  hearts  (greater 
than  400gms)  (mean  523) ,  26  had  dilated  nonaneurysmal  portions  of  left  ventri- 
cle, and  all  but  one  had  large  (greater  than  30%  of  the  left  ventricular  wall) 
myocardial  infarcts.   In  25  of  the  28  patients,  2  or  more  of  the  4  major  epicar- 
dial  coronary  arteries  were  greater  than  75%  narrowed  in  cross-sectional  area  by 
atherosclerotic  plaques. 
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Project  Description:   Clinical  and  necropsy  observations  are  described  in  28 
patients  (24  men)  aged  31-85  years  (mean  62)  with  healed  myocardial  infarcts 
and  true  left  ventricular  aneurysms.   In  contrast  to  other  subsets  of  necropsy 
patients  with  fatal  coronary  heart  disease,  chronic  congestive  cardiac  fail- 
ure was  frequent  (22  patients) ;  angina  pectoris  was  infrequent  (4  patients) 
and,  when  present,  never  severe;  recurrence  of  acute  myocardial  infarction  (2 
patients),  sudden  death  (2  patients),  and  clinically  evident  systemic  emboli 
(1  patient)  were  infrequent;  survival  for  more  than  5  years  after  healing  of 
the  acute  myocardial  infarct  was  infrequent  (in  3  of  21  patients  with  clini- 
cally diagnosed  acute  myocardial  infarcts) ,  and  survival  for  longer  than  1 
year  after  aneurysmectomy  was  lacking  (0  of  7  patients).   Additionally,  most 
(23  patients)  had  large  hearts  (greater  than  400gms)  (mean  523) ,  26  had  di- 
lated nonaneurysmal  portions  of  left  ventricle,  and  all  but  one  had  large 
(greater  than  30%  of  the  left  ventricular  wall)  myocardial  infarcts.   In  25  of 
the  28  patients,  2  or  more  of  the  4  major  epicardial  coronary  arteries  were 
greater  than  75%  narrowed  in  cross-sectional  area  by  atherosclerotic  plaques. 
Of  992  five-mm  long  segments  of  major  coronary  artery  examined  in  22  patients 
(45  segments  per  patient),  323  (33%)  were  narrowed  greater  than  75%  in  cross- 
sectional  area  by  atherosclerotic  plaques;  419  (42%),  51-75%;  210  (21%),  26- 
50%,  and  40  (4%),  0-25%.   Thus,  the  scarred,  hypertrophied  and  aneurysmally 
dilated  left  ventricle  infrequently  produces  chest  pain  or  fatal  arrhythmia 
despite  diffuse,  severe  coronary  narrowing. 

Publications:   Cabin,  H.S.,  Roberts,  W.C:   True  left  ventricular  aneurysm  and 
healed  myocardial  infarction:   Clinical  and  necropsy  observa- 
tions including  quantification  of  degrees  of  coronary  arterial 
narrowing.   Americal  Journal  of  Cardiology.   (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  extent  of  myocardial-cell  disorganization  in  excised  septectomy  speci- 
mens was  compared  morphometrically  to  that  observed  at  necropsy  in  the  same  18   | 
patients  with  hypertrophic  cardiomyopathy  who  died  after  operation.   Disorgani-  | 
zation  was  present  in  all  18  patients  at  necropsy  and  was  extensive  (^  5%)  in  16 
of  the  18.   In  contrast,  there  was  no  disorganization  in  the  operative  specimens 
of  3  patients  and  only  a  trivial  amount  (<  1%)  in  5  others.   Disorganization  ex- 
tensive enough  (>  5%)  to  suggest  hypertrophic  cardiomyopathy  was  present  in  the 
operative  specimens  of  only  6  of  the  18  patients.   The  mean  area  of  disorganiza- 
tion at  necropsy  was  20  +  3%  compared  to  7  ±  2%  in  the  operative  specimens 
(p  <  0.001). 
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Project  Description:   The  extent  of  cardiac-muscle-cell  disorganization  in  ex- 
cised septectomy  specimens  was  compared  morphometrically  to  that  observed  at 
necropsy  in  the  same  18  patients  who  died  after  operation.   Disorganization 
was  present  in  all  18  patients  at  necropsy  and  was  extensive  (>^  5%)  in  16  of 
the  18.   In  contrast,  there  was  no  disorganization  in  the  operative  specimens 
of  3  patients  and  only  a  trivial  amount  (<  1%)  in  5  others.   Disorganization 
extensive  enough  (>  5%)  to  suggest  hypertrophic  cardiomyopathy  was  present  in 
the  operative  specimens  of  only  6  of  the  18  patients.   The  mean  area  of  dis- 
organization at  necropsy  was  20  ±  3%  compared  to  7  ±  2%  in  the  operative  speci- 
mens (p  <  0.001).   Thus,  histologic  examination  of  operatively  excised  septec- 
tomy specimens  is  of  limited  value  in  confirming  the  diagnosis  of  hypertrophic 
cardiomyopathy . 

Publications:   Isner,  J.M. ,  Maron,  B.J.,  Roberts,  W.C. :   Comparison  of  amount 
of  cardiac-muscle-cell  disorganization  in  operatively-excised 
septectomy  specimens  to  amount  observed  at  necropsy  in  the  same 
18  patients  with  hypertrophic  cardiomyopathy.   American  Journal 
of  Cardiology.   (in  press). 


SSZ> 


i^:lTHSONIAN   SCI 
'ROJECT  NUMBER 


NCE    INFORMATION    EXCHANGE 
Do  NOT   use   this   space) 


U.S.   DEPARTMENT  OF 
HEALTH,    EDUCATION,    AND   WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl   HL   03180-01    PA 


PERIOD  COVERED 

October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Post-operative   Aortic   Regurgitation   from  Incomplete   Seating   of 

Tilting-disc   Occluders  Due   to  Overhanging  Knots    or  Long  Sutures 

UMES,    LABORATORY   AND    INSTITUTE  AFFILIATIONS,    AND   TITLES  OF    PRINCIPAL    INVESTIGATORS  AND   ALL   OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON   THE  PROJECT 

PI:     Bruce  F.  Waller,  Staff  Associate,  Pathology  Branch,  NHLBI 

Other:   Michael  Jones,  Senior  Investigator,  Surgery  Branch,  NHLBI 

William  C.  Roberts,  Chief,  Pathology  Branch,  NHLBI 


:OOPERATING   UNITS    (if   any) 


,AB/BRANCH 

Pathology  Branch 


EOT  I  ON 


INSTITUTE   AND   LOCATION 
NHLBI,    NIH,    Bethesda,    Maryland   20205 


rOTAL   MANYEARS: 

416  hrs, 


PROFESSIONAL; 
416   hrs. 


OTHER: 


;hECK  APPROPRIATE  BOX(ES) 
1  (a)   HUMAN  SUBJECTS 

]  (al)  MINORS   □  (a2)  INTERVIEWS 


gl  (b)  HUMAN  TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Certain  clinical  and  morphologic  features  are  described  in  3  patients  who 
developed  severe  aortic  regurgitation  after  aortic  valve  replacement.   The 
regurgitation,  fatal  in  2  of  the  3  patients,  resulted  from  long  sutures  or 
their  knots  or  both  overhanging  the  metallic  ring  of  the  prosthesis 
preventing  complete  seating  of  the  occluder.   In  one  patient  simply 
cutting  the  overhanging  suture  eliminated  the  aortic  regurgitation.   The 
problem  of  suture  overhang  appears  more  likely  to  occur  when  aortic  valve 
replacement  is  carried  out  in  patients  with  relatively  small  aortic  roots. 
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Project  Description:   Certain  clinical  and  morphologic  features  are 
described  in  3  patients  who  developed  severe  aortic  regurgitation  after 
aortic  valve  replacement.   The  regurgitation,  fatal  in  2  of  the  3 
patients,  resulted  from  long  sutures  or  their  knots  or  both  overhanging 
the  metallic  ring  of  the  prosthesis  preventing  complete  seating  of  the 
occluder.  In  one  patient  simply  cutting  the  overhanging  suture  eliminated 
the  aortic  regurgitation.   The  problem  of  suture  overhang  appears  more 
likely  to  occur  when  aortic  valve  replacement  is  carried  out  in  patients 
with  relatively  small  aortic  roots.   Before  closing  the  aortotomy  after 
aortic  valve  replacement,  it  is  advisible  to  move  the  occluder  back  and 
forth  to  make  sure  its  movement  and,  specifically  its  ability  to  seat 
completely,  is  not  limited  by  sutures  which  are  too  long. 

Publications:   Waller,  B.F.,  Jones,  M. ,  Roberts,  W.C.:   Post-operative 
aortic  regurgitation  from  incomplete  seating  of  tilting- 
disc  occluders  due  to  overhanging  knots  or  long  sutures. 
Chest  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  qualitative  and  quantitative  analysis  is  described  of  the  amount  of 
ventricular  wall  myocardial  scarring  and  the  degree  and  extent  of  coronary  ar- 
terial narrowing  by  atherosclerotic  plaques  in  the  entire  lengths  of  each  of 
the  4  major  epicardial  coronary  arteries  in  18  necropsy  patients  with  healed 
transmural  myocardial  infarcts,  and  chronic,  eventually  fatal,  congestive  heart 
failure.   In  all  19  patients,  the  healed  infarcts  involved  greater  than  40% 
of  the  left  ventricular  wall,  all  had  very  dilated  right  and  left  ventricular 
cavities,  all  had  hearts  weighing  more  than  450gms  (avg  =  587),  all  had  intract- 
able congestive  heart  failure  for  longer  than  3  months  (avg  =2.3  years),  and 
half  had  intraventricular  mural  thrombi.   Of  1012  five-mm  segments  of  the  4 
major  epicardial  coronary  arteries  examined  in  the  18  patients  (average  54  seg- 
ments per  patient),  298  segments  (29%)  were  76  to  100%  narrowed  in  cross-sec- 
tional area  by  atherosclerotic  plaques  (in  16  control  subjects  =  6%),  370  (37%) 
were  51  to  75%  narrowed  (controls  =  35%),  227  (23%)  were  26  to  50%  narrowed 
(controls  =  43%),  and  117  (11%)  were  1  to  25%  narrowed  (controls  =  16%). 
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Project  Description:   A  qualitative  and  quantitative  analysis  is  described  of 
the  amount  of  ventricular  wall  myocardial  scarring  and  the  degree  and  extent 
of  coronary  arterial  narrowing  by  atherosclerotic  plaques  in  the  entire  lengths 
of  each  of  the  4  major  epicardial  coronary  arteries  in  18  necropsy  patients 
with  healed  transmural  myocardial  infarcts,  and  chronic,  eventually  fatal,  con- 
gestive heart  failure.   In  all  18  patients,  the  healed  infarcts  involved 
greater  than  40%  of  the  left  ventricular  wall,  all  had  very  dilated  right  and 
left  ventricular  cavities,  all  had  hearts  weighing  more  than  450gms  (avg  =  587), 
all  had  intractable  congestive  heart  failure  for  longer  than  3  months  (avg  = 
2.3  years),  and  half  had  intraventricular  mural  thrombi.   Of  1012  five-mm  seg- 
ments of  the  4  major  epicardial  coronary  arteries  examined  in  the  18  patients 
(average  54  segments  per  patient),  298  segments  (29%)  were  76  to  100%  narrowed 
in  cross-sectional  area  by  atherosclerotic  plaques  (in  16  control  subjects  = 
6%),  370  (37%)  were  51  to  75%  narrowed  (controls  =  35%),  227  (23%)  were  26  to 
50%  narrowed  (controls  =  43%),  and  117  (11%)  were  0  to  25%  narrowed  (controls 
=  16%).   The  amount  of  severe  (>  75%)  narrowing  of  the  right,  left  anterior 
descending  and  left  circumflex  coronary  arteries  was  similar  in  the  18  study 
patients.   The  left  main  coronary  artery  was  not  severely  narrowed  in  any  pa- 
tient.  The  amount  of  severe  narrowing  in  the  distal  one-half  of  the  right, 
left  anterior  descending  and  left  circumflex  coronary  arteries  was  similar  to 
that  in  the  proximal  halves  of  these  3  arteries.   The  percent  of  5-mm  segments 
of  coronary  artery  narrowed  76  to  100%  in  cross-sectional  area  in  the  9  pa- 
tients which  was  similar  to  that  in  the  9  patients  without  left  ventricular 
aneurysm. 

Publications:   Virmani,  R. ,  Roberts,  W.C.:   Quantification  of  coronary  arteri- 
al narrowing  and  of  left  ventricular  myocardial  scarring  in 
healed  myocardial  infarction  with  chronic,  eventually  fatal, 
congestive  cardiac  failure.   American  Journal  of  Medicine.   68: 
831-838,  June  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Clinical  and  morphologic  observations  were  made  in  229  necropsy  patients 
with  diabetes  mellitus  (DM)  with  onset  of  DM  after  30  years  of  age,  65 
without  (DM-CHD)  and  164  with  (DM+CHD)  clinical  evidence  of  coronary  heart 
disease  (CHD)  and,  these  observations  were  compared  to  those  in  183 
age-sex-raatched  non-DM  control  subjects  (CHD-DM)  who  died  from  a  fatal 
coronary  event.   The  average  number  of  3  major  (right,  left  anterior 
descending,  left  circumflex)  coronary  arteries  per  patient  narrowed  >75 
per  cent  in  cross-sectional  area  by  atherosclerotic  plaques  was  similar  in 
the  229  diabetic  pateitns  (DM-CHD  and  DM+CHD)  and  in  the  control  subjects 
(CHD-DM),  namely  2.5/3.0  and  2.5/3.0.   This  similarity  in  the  amount  of 
coronary  arterial  narrowing  was  present  irrespective  of  the  age  at  onset 
(after  30  years)  or  duration  of  DM.   The  DM  +  CHD  patients  had  more  severe 
narrowing  of  the  3  major  coronary  arteries  than  did  the  DM-CHD  patients  (p 
<  .01). 
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Project  Description:   Clinical  and  morphologic  observations  were  made  in  229 
necropsy  patients  with  diabetes  mellitus  (DM)  with  onset  of  DM  after  30  years 
of  age,  65  without  (DM-CHD)  and  164  with  (DMfCHD)  clinical  evidence  of  coron- 
ary heart  disease  (CHD)  and,  these  observations  were  compared  to  those  in  183 
age-sex-matched  non-DM  control  subjects  (CHD-DM)  who  died  from  a  fatal  coro- 
nary event.   The  average  number  of  3  major  (right,  left  anterior  descending, 
left  circumflex)  coronary  arteries  per  patient  narrowed  >  75  per  cent  in  cross- 
sectional  area  by  atherosclerotic  plaques  was  similar  in  the  229  diabetic  pa- 
tients (DM-CHD  and  DMfCHD)  and  in  the  control  subjects  (CHD-DM),  namely  2.5/ 
3.0  and  2.5/3.0.   This  similarity  in  the  amount  of  coronary  arterial  narrowing 
was  present  irrespective  of  the  age  at  onset  (after  30  years)  or  duration  of 
DM.   The  DM  +  CHD  patients  had  more  severe  narrowing  of  the  3  major  coronary 
arteries  than  did  the  DM-CHD  patients  (p  <  .01).   The  amount  of  severe  narrow- 
ing of  the  left  anterior  descending,  left  circumflex  and  right  coronary  arter- 
ies was  similar  in  both  the  diabetic  patients  and  the  control  subjects,  and  in 
each  group,  the  amount  of  severe  narrowing  in  the  proximal  halves  of  each  of 
these  3  arteries  was  similar  to  that  in  the  distal  halves.   The  amount  of  se- 
vere (>  75  per  cent  in  cross-sectional  area)  narrowing  of  the  left  main  coro- 
nary artery  was  greater  in  the  DM  patients  than  in  the  non-DM  controls:   13 
per  cent  vs  6  per  cent  (p  <  .01).   The  type  of  treatment  received  by  the  DM 
patients  or  the  adherence  to  the  therapeutic  program  as  measured  by  the  level 
of  random  fasting  blood  sugar  did  not  alter  the  amount  of  severe  coronary  nar- 
rowing observed  at  necropsy.   Acute  myocardial  infarction  was  the  most  fre- 
quent fatal  coronary  event  in  the  diabetic  patients  (55  per  cent)  compared  to 
43  per  cent  in  the  controls  (p  <  .01) . 

Publications:   Waller,  B.F.,  Palumbo,  P.J.,  Lie,  J.T.,  Roberts,  W.C. :   Status 
of  the  coronary  arteries  at  necropsy  in  diabetes  mellitus  with 
onset  after  age  30  years:   Analysis  of  229  diabetic  patients 
with  and  without  clinical  evidence  of  coronary  heart  disease 
and  comparison  to  183  control  subjects.   American  Journal  of 
Medicine.   (in  press) . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Clinical  and  morphologic  findings  are  described  in  2  patients  with  congeni- 
tal hypoplasia  of  portions  of  both  right  and  left  ventricular  free  walls  in  the 
absence  of  associated  coronary  or  valvular  heart  disease.   One,  a  61-year-old 
man  who  had  never  had  clinical  evidence  of  cardiac  dysfunction,  died  suddenly 
and  unexpectedly.   The  second,  a  55-year-old  woman,  died  of  progressive,  eventu- 
ally intractable  congestive  cardiac  failure  of  29  months  duration.   Although  at 
least  22  necropsy  patients  have  been  reported  previously  with  "parchment-like" 
thinning  of  portions  of  the  right  ventricular  free  wall,  only  one  patient  has 
been  described  previously  with  "parchment-like"  thinning  of  portions  of  both, 
right  and  left  ventricular  free  walls. 
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Project  Description:   Clinical  and  morphologic  findings  are  described  in  2  pa- 
tients with  congenital  hypoplasia  of  portions  of  both  right  and  left  ventricu- 
lar free  walls  in  the  absence  of  associated  coronary  or  valvular  heart  disease. 
One,  a  61-year-old  man  who  had  never  had  clinical  evidence  of  cardiac  dysfunc- 
tion, died  suddenly  and  unexpectedly.   The  second,  a  55-year-old  woman,  died 
of  progressive,  eventually  intractable  congestive  cardiac  failure  of  29  months 
duration.   Although  at  least  22  necropsy  patients  have  been  reported  previous- 
ly with  "parchment-like"  thinning  of  portions  of  the  right  ventricular  free 
wall,  only  one  patient  has  been  described  previously  with  "parchment-like" 
thinning  of  portions  of  both  right  and  left  ventricular  free  walls.   The  spec- 
trum of  right  or  right  and  left  ventricular  wall  congenital  hypoplasia  is  a 
broad  one  with  nearly  half  of  described  patients  dying  of  congestive  heart 
failure  in  the  first  year  of  life  and  the  other  half  reaching  adulthood  with 
or  without  manifestations  of  cardiac  dysfunction. 

Publications:   Waller,  B.F.,  Smith,  E.R.,  Blackbourne,  B.D.,  Arce,  F.P., 

Sarkar,  N.N.,  Roberts,  W.C.:   Congenital  hypoplasia  of  portions 
of  both  right  and  left  ventricular  myocardial  walls:   Clinical 
and  necropsy  observations  in  two  patients  with  the  parchment 
heart  syndrome.   American  Journal  of  Cardiology.   (in  press). 
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The  accuracy  of  determining  degrees  of  luminal  narrowing  of  559  histologic 
sections  from  61  human  coronary  arteries  was  evaluated  by  visual  inspection  un- 
der magnification  (light  microscopy)  by  three  independent  observers,  and  the 
results  were  compared  to  those  obtained  by  video  planimetry.   With  the  per  cent 
of  cross-sectional  area  narrowing  divided  into  four  categories  (0  to  25,  26  to 
50,  51  to  75,  and  76  to  100),  both  the  extent  of  agreement  between  each  Indepen- 
dent observer  and  video  planimetry,  i.e.,  the  accuracy  of  visual  inspection  un- 
der magnification  and  the  extent  of  agreement  among  the  independent  observers, 
interobserver  agreement,  evaluated  by  the  Kappa  (K)  statistic,  were  excellent. 
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Project  Description:   The  accuracy  of  determining  degrees  of  luminal 
narrowing  of  559  histologic  sections  from  61  human  coronary  arteries  was 
evaluated  by  visual  inspection  under  magnification  (light  microscopy)  by 
three  independent  observers,  and  the  results  were  compared  to  those 
obtained  by  video  planimetry.  With  the  per  cent  of  cross-sectional  area 
narrowing  divided  into  four  categories  (0  to  25,  26  to  50,  51  to  75,  and 
76  to  100),  both  the  extent  of  agreement  between  each  independent  observer 
and  video  planimetry,  i.e.,  the  accuracy  of  visual  inspection  under 
magnification  and  the  extent  of  agreement  among  the  independent  observers, 
interobserver  agreement,  evaluated  by  the  Kappa  (K)  statistic,  were 
excellent.   With  a  K  value  of  50  per  cent  indicating  reasonably  good 
agreement  and  values  of  >70  per  cent  indicating  strong  agreement,  the  K 
values  between  the  results  of  light  microscopy  and  video  planimetry  by 
three  observers  were  61,  67,  and  75  percent,  respectively,  and  the  extent 
of  interobserver  agreement  was  72  per  cent. 

Publications:   Isner,  J.M.,  Wu,  M. ,  Virmani,  R.,  Jones,  A. A.,  and  Roberts, 
W.C.:   Comparison  of  degrees  of  coronary  arterial  luminal 
narrowing  determined  by  visual  inspection  of  histologic 
sections  under  magnification  among  three  independent 
observers  and  comparison  to  that  obtained  by  video 
planimetry.   An  analysis  of  559  five-millimeter  segments  of 
61  coronary  arteries  from  eleven  patients.   Laboratory 
Investigation.   42:566-570,  May  1980. 
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Project  Description:   We  quantitatively  analyzed  the  degree  and  extent  of 
coronary  arterial  narrowing  by  atherosclerotic  plaques  In  the  entire  length 
of  each  of  the  four  major  coronary  arteries  in  27  necropsy  patients  with 
transmural  acute  myocardial  infarction  (AMI)  and  compared  the  findings  with 
those  in  22  control  subjects.   Of  the  1403  5-mm  segments  examined  in  the  27 
AMI  patients,  484  (34%;  controls  3%)  were  76-100%  narrowed  in  cross-sectional 
area  by  atherosclerotic  plaques,  528  (38%;  controls  25%)  were  51-75%  narrowed, 
319  (23%;  controls  44%)  were  26-50%  narrowed,  and  only  72  segments  (5%;  con- 
trols 28%)  were  <  25%  narrowed.   The  amount  of  severe  (>  75%)  narrowing  of 
the  right,  left  anterior  descending  and  left  circumflex  coronary  arteries  by 
atherosclerotic  plaques  was  similar,  as  was  the  amount  of  severe  narrowing  in 
the  distal  and  proximal  halves  of  these  three  arteries.   The  number  of  severe- 
ly narrowed  5-mm  segments  did  not  correlate  significantly  with  the  patient's 
age  at  death,  the  presence  or  absence  of  a  history  of  angina  pectoris  or 
healed  myocardial  infarction,  or  with  heart  weight.   The  men,  however,  had  a 
significantly  greater  number  of  severely  narrowed  5-mm  segments  of  coronary 
artery  than  the  women  (p  <  0.05),  and  the  patients  with  associated  transmural 
left  ventricular  scars  had  significantly  more  severely  narrowed  segments  than 
did  patients  without  transmural  scars. 

Publications:   Roberts,  W.C.,  Jones,  A.A. :   Quanitf ication  of  coronary  arter- 
ial narrowing  at  necropsy  in  acute  transmural  myocardial  in- 
farction:  Analysis  and  comparison  of  findings  in  27  patients 
and  22  controls.   Circulation.   61:786-790,  April  1980. 
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Clinical  and  morphologic  findings  are  described  in  a  62-year-old  woman  with 
"mixed  connective  tissue  disease"  treated  by  corticosteroids  who  developed  dis- 
seminated and  fatal  Petriellidium  boydii  infection  with  right-sided  endocarditis. 
The  patient  was  an  avid  gardener,  the  organism  is  ubiquitous  in  soil  in  many 
parts  of  the  U.S.A.  and,  therefore,  it  is  likely  that  the  infection  was  intro- 
duced by  this  means.   Endocarditis  due  to  P.  boydii  has  not  been  described  pre- 
viously.  In  the  patient  reported  herein,  massive  vegetations  nearly  obliterated 
the  tricuspid  valve  orifice,  encasing  a  pacemaker  catheter  which  had  been  inser- 
ted eight  years  earlier. 
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Project  Description:   Clinical  and  morphologic  findings  are  described  in  a 
62-year-old  woman  with  "mixed  connective  tissue  disease"  treated  by 
corticosteroids  who  developed  disseminated  and  fatal  Petriellidium  boydii 
infection  with  right-sided  endocarditis.   The  patient  was  an  avid 
gardener,  the  organism  is  ubiquitous  in  soil  in  many  parts  of  the  U.S.A. 
and,  therefore,  it  is  likely  that  the  infection  was  introduced  by  this 
means.   Endocarditis  due  to  P.  boydii  has  not  been  described  previously. 
In  the  patient  reported  hereTn,  massive  vegetations  nearly  obliterated  the 
tricuspid  valve  orifice,  encasing  a  pacemaker  catheter  which  had  been 
inserted  eight  years  earlier.   Although  never  previously  isolated  from 
blood  cultures,  P.  boydii  was  isolated  from  11  consecutive  blood  cultures. 
P.  boydii  is  a  true  fungus  and  has  only  recently  been  appreciated  as  an 
opportunist  ic  pathogen  in  a  compromised  host . 

Publications:   Davis,  W.A.,  Isner,  J.M.,  Bracey,  A.W.,  Roberts,  W.C.,  and 
Garagusi,  V.F.:   Pacemaker  endocarditis  with  disseminated 
Petriellidium  Boydii:   A  complication  of  gardening  in  a 
compromised  host.   Am  J  Medicine  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  54  necropsy  patients  with  transmural  acute  myocardial  infarction  (AMI) 
and  coronary  arterial  thrombi,  histologic  sections  of  coronary  arteries 
containins  the  thrombi  were  examined  in  detail  by  videoplanimetry  to 
determine  1)  the  amount  of  luminal  narrowing  caused  by  thrombi  compared  to 
that  produced  by  underlying  atherosclerotic  plaques,  and  2)  the  amount  of 
luminal  narrowing  by  plaques  immediately  proximal  and  distal  to  the 
thrombi.   The  54  coronary  arteries  were  narrowed  by  atherosclerotic  plaque, 
alone  from  33-98%  (mean  81)  in  cross-sectional  area  at  the  site  of  the 
thrombus  (occlusive  in  47,  non-occlusive  in  7);  from  26-98%  (mean  75) 
within  the  2-cm  segment  proximal  to  the  thrombus,  and  from  43-98%  (mean 
79)  within  the  2-cm  segment  distal  to  the  thrombus.   Of  the  54  arteries, 
52  (96%)  were  narrowed  76-98%  in  cross-sectional  area  by  atherosclerotic 
plaque  alone  at  or  immediately  proximal  or  distal  to  the  thrombus  and  26 
(48%)  of  them  were  narrowed  91-98%  by  plaque  alone. 
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Project  Description:   In  54  necropsy  patients  with  transmural  acute  myocardial 
infarction  (AMI)  and  coronary  arterial  thrombi,  histologic  sections  of  coronary 
arteries  containing  the  thrombi  were  examined  in  detail  by  videoplanimetry  to 
determine  1)  the  amount  of  luminal  narrowing  caused  by  thrombi  compared  to 
that  produced  by  underlying  atherosclerotic  plaques,  and  2)  the  amount  of  lumi- 
nal narrowing  by  plaques  immediately  proximal  and  distal  to  the  thrombi.   The 
54  coronary  arteries  were  narrowed  by  atherosclerotic  plaque  alone  from  33-98% 
(mean  81)  in  cross-sectional  area  at  the  site  of  the  thrombus  (occlusive  in  47, 
non-occlusive  in  7);  from  26-98%  (mean  75)  within  the  2-cm  segment  proximal  to 
the  thrombus,  and  from  43-98%  (mean  79)  within  the  2-cm  segment  distal  to  the 
thrombus.   Of  the  54  arteries,  52  (96%)  were  narrowed  76-98%  in  cross-sectional 
area  by  atherosclerotic  plaque  alone  at  or  immediately  proximal  or  distal  to 
the  thrombus  and  26  (48%)  of  them  were  narrowed  91-98%  by  plaque  alone.   The 
thrombi  ranged  in  size  from  0.1-6. 0mm   (mean  1.4)  in  cross-sectional  area  and 
the  underlying  atherosclerotic  plaque,  from  3.0-21.0mm2  (mean  8.7).   Thus, 
among  necropsy  patients  with  transmural  AMI,  coronary  thrombi  occur  at  sites 
already  severely  narrowed  by  atherosclerotic  plaques.   This  observation  sug- 
gests a  relatively  minor  role  of  coronary  thrombi  as  a  terminal  event  in  pa- 
tients with  fatal  AMI. 

Publications:   Brosius,  F.C. ,  Roberts,  W.C. :   Significance  of  coronary  arterial 
thrombus  in  transmural  acute  myocardial  infarction:   Quantative 
analysis  of  degrees  of  narrowing  by  atherosclerotic  plaque  prox- 
imal and  distal  to  and  at  the  site  of  thrombus,  area  of  thrombus 
compared  to  area  of  underlying  plaque  and  to  original  area  of 
artery,  and  length  of  thrombus  from  study  of  54  necropsy  pa- 
tients.  Circulation.   (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  cross-sectional  area  (that  portion  enclosed  by  the  internal  elastic 
membrane)  of  histologic  sections  from  the  first  5-mm  long  segments  of  the 
right,  left  anterior  descending  and  left  circumflex  coronary  arteries  was 
determined  by  videoplanimetry  in  98  necropsy  patients  with  coronary  heart 
disease  and  in  4b  control  subjects  (without  significant  coronary 
narrowing).   Significant  (p<0.002)  differences  were  observed  in  the  mean 
cross-sectional  area  of  each  of  the  3  major  coronary  arteries  in  the 
subgroups  of  coronary  patients  and  among  and  between  the  control  subjects 
and  these  differences  resulted  primarily  from  differences  in  heart  weight 
and,  to  a  slight  extent,  differences  in  age. 
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Project  No.  ZOl  HL  03188-01  PA 

Project  Description:   The  cross-sectional  area  (that  portion  enclosed  by  the 
internal  elastic  membrane)  of  histologic  sections  from  the  first  5-mm  long  seg- 
ments of  the  right,  left  anterior  descending  and  left  circumflex  coronary  ar- 
teries was  determined  by  videoplanimetry  in  98  necropsy  patients  with  coronary 
heart  disease  and  in  46  control  subjects  (without  significant  coronary  narrow- 
ing).  Significant  (p  <  0.001)  differences  were  observed  in  the  mean  cross- 
sectional  area  of  each  of  the  3  major  coronary  arteries  in  the  subgroups  of 
coronary  patients  and  among  and  between  the  control  subjects  and  these  differ- 
ences resulted  primarily  from  differences  in  heart  weight  and,  to  a  slight  ex- 
tent, differences  in  age.   Difference  in  sex  was  not  significant.   The  20  pa- 
tients with  angina  pectoris  had  the  smallest  coronary  arteries  (mean  cross- 
sectional  area  of  each  of  the  60  arteries  =  6.0mm  )  and  the  smallest  hearts 
(mean  weight  =  386g)  and  the  18  patients  with  healed  myocardial  infarcts  and 
intractable  congestive  heart  failure  had  the  largest  coronary  arteries  (mean 
area  =  8.6mm  )  and  the  largest  hearts  (mean  weight  =  588g) .   The  23  patients 
with  acute  transmural  myocardial  infarcts  and  the  19  with  sudden  coronary 
death  had  similar  sized  coronary  arteries  (mean  area  =  7.6mm2)  and  similar 
sized  hearts  (mean  weight  =  471g) ,  and  the  18  patients  with  healed  myocardial 
infarcts,  subsequently  asymptomatic  courses  and  non-cardiac  deaths  had  slight- 
ly enlarged  arteries  (mean  area  =  6.9mm2)  and  hearts  (mean  weight  =  430g) . 
The  31  control  subjects  with  cancer  and  normal  or  near  normal  sized  hearts 
(mean  weight  =  309g)  had  the  smallest  coronary  arteries  (mean  area  =  5.0mm  ) 
and  the  16  controls  with  aortic-valve  disease  had  the  largest  hearts  (mean 
weight  =  730g)  had  the  largest  coronary  arteries  (mean  area  =  9.6mm  ).   When 
heart  weights  were  equalized  (450g) ,  older  patients  had  larger  coronary  arter- 
ies than  younger  patients  (mean  area  <  40  years  =  6.5;  41-60  years  =  6.8,  and 
>  60  years  =  7.6mm  ). 

Publications:   Roberts,  C.S.,  Roberts,  W.C.:   Cross-sectional  area  of  the  prox- 
imal portions  of  the  three  major  epicardial  coronary  arteries 
in  98  necropsy  patients  with  different  coronary  events  (angina 
pectoris,  sudden  coronary  death,  acute  myocardial  infarction 
and  healed  myocardial  infarction)  and  its  relationship  to  heart 
weight,  age  and  sex.   Circulation.   (in  press). 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

Although  many  reports  have  described  exterior  compression  of  one  or  more 
major  extrapulmonary  pulmonary  arteries  by  neoplasm,  auscultatory  evidence  of 
obstruction  to  one  or  more  major  pulmonary  arteries  has  not  been  documented  pre- 
viously.  In  our  patient,  total  obstruction  to  the  left  main  pulmonary  artery 
and  partial  obstruction  to  the  right  main  pulmonary  artery  was  documented  by 
both  angiography  (during  life)  and  necropsy,  and  a  33  mmHg  peak  systolic  v^es- 
sure  gradient  between  proximal  and  distal  right  main  pulmonary  artery  was  found 
at  catheterization. 
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Project  Description:   Although  many  reports  have  described  exterior  compression 
of  one  or  more  major  extrapulmonary  pulmonary  arteries  by  neoplasm,  ausculta- 
tory evidence  of  obstruction  to  one  or  more  major  pulmonary  arteries  has  not 
been  documented  previously.   In  our  patient,  total  obstruction  to  the  left  main 
pulmonary  artery  and  partial  obstruction  to  the  right  main  pulmonary  artery  was 
documented  by  both  angiography  (during  life)  and  necropsy,  and  a  33mm  Hg  peak 
systolic  pressure  gradient  between  proximal  and  distal  right  main  pulmonary  ar- 
tery was  found  at  catheterization.   The  wide  splitting  of  the  second  heart 
sound  at  the  cardiac  base  in  our  patient  can  be  attributed  to  the  peripheral 
pulmonary  stenosis.   There  was  not  enough  right  ventricular  failure  (only  a 
third  heart  sound)  in  the  presence  of  the  pulmonary  hypertension  in  our  pa- 
tient to  account  for  the  wide  splitting  of  the  second  heart  sound. 

Publications:   Waller,  B.F. ,  Fletcher,  R.D. ,  Roberts,  W.C.:   Carcinoma  of  the 
lung  causing  pulmonary  arterial  stenosis.  Chest.   (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  percent  of  cross-sectional  area  narrowing  by  atherosclerotic  plaques 
alone  in  each  five-mm  long  segment  of  each  of  the  four  major  (right,  left 
main,  left  anterior  descending  and  left  circumflex)  epicardial  coronary 
arteries  was  determined  at  necropsy  in  50  patients  with  their  first  acute 
transmural  myocardial  infarct  (Ml),  and  the  amount  and  extent  of  the 
coronary  narrowing  in  the  Tl   patients  with  anterior  wall  MI  were  compared 
to  that  in  the  28  patients  with  posterior  wall  MI.   The  percent  of 
coronary  arteries  narrowed  76-100%  was  similar  in  the  anterior  and 
posterior  wall  MI  patients  (74%-vs-75%;  average  3.0  of  4  coronary  arteries 
per  patient).   A  lower  percentage  of  five-mm  coronary  segments  in  the 
anterior  MI  patients,  however,  were  narrowed  76-100%  than  in  the  posterior 
MI  patients  (39%-vs-23%  [p<.001]). 
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Project  Description:   The  percent  of  cross-sectional  area  narrowing  by 
atherosclerotic  plaques  alone  in  each  five-mm  long  segment  of  each  of  the 
four  major  (right,  left  main,  left  anterior  descending  and  left 
circumflex)  epicardial  coronary  arteries  was  determined  at  necropsy  in  50 
patients  with  their  first  acute  transmural  myocardial  infarct  (Ml),  and 
the  amount  and  extent  of  the  coronary  narrowing  in  the  22  patients  with 
anterior  wall  MI  were  compared  to  that  in  the  28  patients  with  posterior 
wall  MI.   The  percent  of  coronary  arteries  narrowed  76-100%  was  similar  in 
the  anterior  and  posterior  wall  MI  patients  (74%-vs-75%;  average  3.0  of  4 
coronary  arteries  per  patient).   A  lower  percentage  of  five-mm  coronary 
segments  in  the  anterior  MI  patients,  however,  were  narrowed  76-100%  than 
in  the  posterior  MI  patients  (39%-vs-23%  [p<.001]).   Among  the  anterior  MI 
patients,  a  higher  percentage  of  the  five-mm  segments  of  the  left  anterior 
descending  was  severely  (>75%)  narrowed  than  of  either  posterior  perfusing 
coronary  artery.   The  percents  of  segments  narrowed  76-100%  for  each  of 
the  major  coronary  arteries  in  the  posterior  MI  patients,  however,  was 
similar.   Thus,  from  the  standpoint  of  the  coronary  artery,  our  necropsy 
patients  with  posterior  wall  MI  had  more  extensive  and  severe  narrowing 
than  did  our  patients  with  anterior  wall  MI.   If  the  coronary  arteries  had 
not  been  examined  in  a  quantitative  manner,  this  difference  in  severity 
would  not  have  been  apparent. 

Publication:    Brosius,  F.C.  Ill,  Roberts,  W.C.:   Comparison  of  Degree  and 
Extent  of  Coronary  Narrowing  by  Atherosclerotic  Plaque  in 
Anterior  and  in  Posterior  Transmural  Acute  Myocardial 
Infarction.   Analysis  of  200  major  epicardial  coronary 
areteries  and  of  2586  five-mm  coronary  segments  in  50 
necropsy  patients  with  fatal  first  infarct.   Circulation 
(in  press) 
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coronary  arterial  narrowing  by  atherosclerotic  plaques  in  the  entire 
lengths  of  each  of  the  4  major  coronary  arteries  in  31  patients  dying 
suddenly  from  coronary  heart  disease  ("sudden  coronary  death")  is 
described  at  necropsy.   A  total  of  1564  five-mm  long  segments  of  the  left 
main,  left  anterior  descending,  left  circumflex  and  right  coronary 
arteries  were  examined  in  31  patients  with  sudden  coronary  death  and  the 
observations  in  them  were  compared  to  those  made  from  examination  of  1100 
five-mm  segments  of  major  epicardial  coronary  artery  in  25  control 
subjects.   Of  the  1564  five-mm  segments  examined  in  the  31  study  patients, 
557  (36%)  were  76-100%  narrowed  in  cross-sectional  area  by  athersclerotic 
plaques  (controls  =  3%);  536  (34%)  were  51-75%  narrowed  (controls  =  22%), 
360  (23%)  were  26-50%  (controls  =  42%)  and  only  HI  segments  (7%)  were  _< 
25%  narrowed  (controls  =  33%). 
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Project  Description:   A  qualitative  and  quantitative  analysis  of  the 
degree  and  extent  of  coronary  arterial  narrowing  by  atherosclerotic 
plaques  in  the  entire  lengths  of  each  of  the  4  major  coronary  arteries  in 
31  patients  dying  suddenly  from  coronary  heart  disease  ("sudden  coronary 
death")  is  described  at  necropsy.   A  total  of  1564  five-mm  long  segments 
of  the  left  main,  left  anterior  descending,  left  circumflex  and  right 
coronary  arteries  were  examined  in  31  patients  with  sudden  coronary  death 
and  the  observations  in  them  were  compared  to  those  made  from  examination 
of  1100  five-mm  segments  of  major  epiardial  coronary  artery  in  25  control 
subjects.   An  average  of  25  cm  (50  five-mm  segments)  of  coronary  artery 
were  examined  from  each  patient  and  an  average  of  22  cm  (44  five-mm 
segments)  from  each  control  subject.   Of  the  1564  five-mm  segments 
examined  in  the  31  study  patients,  557  (36%)  were  76-100%  narrowed  in 
cross-sectional  area  by  atherosclerotic  plaques  (controls  =  3%);  536  (34%) 
were  51-75%  narrowed  (controls  =  22%),  360  (23%)  were  26-50%  (controls  = 
42%)  and  only  HI  segments  (7%)  were  <_   25%  narrowed  (controls  =  33%). 
The  amount  of  severe  (>75%)  narrowing  of  the  right,  left  anterior 
descending  and  left  circumflex  coronary  arteries  was  similar.   The  amount 
of  severe  (>75%)  narrowing  in  the  distal  one-half  of  the  right,  left 
anterior  descending  and  left  circumflex  coronary  arteries  was  similar  to 
that  in  the  proximal  halves  of  these  3  arteries.   The  number  of  5-mm 
coronary  segments  narrowed  76  to  100%  in  cross-sectional  area  in  the  31 
study  patients  was  not  affected  by  the  patient's  age  at  death,  sex, 
presence  or  absence  of  previous  angina  pectoris  or  myocardial  infarction, 
or  the  weight  of  the  heart. 

Publication:    Roberts,  W.C,  Jones,  A.A. ,  Waller,  B.F.:   Status  of  the 

Coronary  Arteries  at  Necropsy  in  Sudden  Coronary  Death:   A 
Qualitative  and  Quantitative  Analysis  of  the  Degrees  of 
Luminal  Narrowing.   Second  US-USSR  Joint  Symposium  on 
Sudden  Death. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Clinical  and  necropsy  observations  are  described  in  5  runners  (aged  40-54 
years,  all  men)  who  ran  14-110  miles/week  (mean  =  52)  for  1-10  years  (mean  =  4) 
None  had  clinical  evidence  of  cardiac  disease  before  they  became  habitual 
runners.   All  died  while  running,  and  at  necropsy  all  had  severe  atherosclerotic 
coronary  luminal  narrowing.   Of  the  5  men,  at  least  4  had  hypercholesterolemia; 
2  had  systemic  hypertension;  1  had  angina  pectoris  and  none  had  clinical  evi- 
dence of  an  acute  myocardial  infarct.   The  single  symptomatic  runner  also  had  an 
abnormal  resting  electrocardiogram  and  a  positive  exercise  stress  test.   The 
electrocardiogram  (4  patients)  and  exercise  stress  tests  (3  patients)  in  the 
other  men  were  negative.   At  autopsy,  all  5  had  >75%  cross-sectional  area  nar- 
rowing by  atherosclerotic  plaques  of  the  right,  left  anterior  descending  and 
left  circumflex  coronary  arteries. 
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Project  Description:   Clinical  and  necropsy  observations  are  described  in  6 
runners  who  ran  14-110  miles/week  (mean  =  52)  for  1-10  years  (mean  =  4).   None 
had  clinical  evidence  of  cardiac  disease  before  they  became  habitual  runners. 
All  died  while  running,  and  at  necropsy  all  had  coronary  disease:   severe 
atherosclerotic  luminal  narrowing  in  5  (aged  40-53  years,  all  white  men)  and  a 
congenital  coronary  anomaly  without  atherosclerosis  in  1  (a  17-year-old  black 
girl).   Of  the  5  men,  at  least  4  had  hypercholesterolemia;  2  had  systemic  hy- 
pertension; 1  had  angina  pectoris  and  none  had  clinical  evidence  of  an  acute 
myocardial  infarct.   The  single  symptomatic  runner  also  had  an  abnormal  rest- 
ing electrocardiogram  and  a  positive  exercise  stress  test.   The  electrocardio- 
gram (4  patients)  and  exercise  stress  tests  (3  patients)  in  the  other  men  were 
negative.   At  autopsy,  all  5  men  had  greater  than  75%  cross-sectional  area 
narrowing  by  atherosclerotic  plaques  of  the  right,  left  anterior  descending 
and  left  circumflex  coronary  arteries.   Of  the  3  men  in  whom  the  entire  lengths 
of  these  3  coronary  arteries  and  also  the  left  main  were  examined  histologi- 
cally (total  5-mm  segments  =  153),  73  (48%)  were  narrowed  greater  than  75%  in 
cross-sectional  area  by  atherosclerotic  plaques  and  32  (21%) ,  51-75%.   Four  of 
the  5  men  had  healed  (clinically  silent)  myocardial  infarcts.   Thus,  coronary 
disease  appears  to  be  the  major  killer  of  conditioned  runners. 

Publications:   Waller,  B.F.,  Roberts,  W.C:   Sudden  death  while  running  in 

conditioned  runners  aged  40  years  or  over.   American  Journal  of 
Cardiology.   45:1292-1300,  June  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Certain  clinical  and  necropsy  findings  are  described  in  16  young  (aged  15 
to  33  years)  patients  who  received  >3500  rad  to  the  heart  five  to  144  months  be- 
fore death.   All  16  had  some  radiation- induced  damage  to  the  heart:   15  had 
thickened  pericardia  (five  of  whom  had  evidence  of  cardiac  tamponade);  eight  had 
increased  interstitial  myocardial  fibrosis,  particularly  in  the  right  ventricle; 
12  had  fibrous  thickening  of  the  mural  endocardium  and  13,  of  the  valvular  endo- 
cardium.  Except  for  valvular  thickening,  the  changes  were  more  frequent  in  the 
right  than  in  the  left  side  of  the  heart,  presumably  because  of  higher  radiation 
doses  to  the  anterior  cardiac  surface.   Six  of  the  16  study  patients  and  one  of 
10  control  subjects  had  one  or  more  major  epicardial  coronary  arteries  narrowed 
76-100  per  cent  in  cross-sectional  area  by  atherosclerotic  plaque. 
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Project  Description:   Certain  clinical  and  necropsy  findings  are  described 
in  16  young  (aged  15  to  33  years)  patients  who  received  >3500  rads  to  the 
heart  five  to  144  months  before  death.   All  16  had  some  radiation-induced 
damage  to  the  heart:   15  had  thickened  pericardia  (five  of  whom  had 
evidence  of  cardiac  tamponade);  eight  had  increased  interstitial 
myocardial  fibrosis,  particularly  in  the  right  ventricle;  12  had  fibrous 
thickening  of  the  mural  endocardium  and  13,  of  the  valvular  endocardium. 
Except  for  valvular  thickening,  the  changes  were  more  frequent  in  the 
right  than  in  the  left  side  of  the  heart,  presumably  because  of  higher 
radiation  doses  to  the  anterior  cardiac  surface.   Six  of  the  16  study 
patients  and  one  of  10  control  subjects  had  one  or  more  major  epicardial 
coronary  arteries  narrowed  76-100  per  cent  in  cross-sectional  area  by 
atherosclerotic  plaque;  one  patient  had  a  healed  myocardial  infarct  at 
necropsy  and  one  died  suddenly.   In  10  patients  and  in  the  10  controls, 
the  four  major  epicardial  coronary  arteries  were  examined  quantitatively: 
6  per  cent  of  the  469  5-mm  segments  of  coronary  artery  from  the  patients 
were  narrowed  76-100  per  cent  (controls  =  0.2  per  cent,  p  =  .06)  and  22 
per  cent  were  narrowed  51-75  per  cent  (controls  =  12  per  cent).   The 
projtimal  portion  of  the  arteries  in  the  patients  had  significantly  more 
narrowing  than  the  distal  portions.   The  arterial  plaques  in  the  patients 
were  largely  composed  of  fibrous  tissue;  the  media  were  frequently 
replaced  by  fibrous  tissue,  and  the  adventitia  were  often  densely 
thickened  by  fibrous  tissue.   In  five  patients,  there  was  focal  thickening 
(with  or  without  luminal  narrowing)  of  the  intramural  coronary  arteries. 
Thus,  radiation  to  the  heart  may  produce  a  wide  spectrum  of  functional  and 
anatomical  changes,  but  particularly  damage  to  the  pericardia  and  the 
underlying  epicardial  coronary  arteries. 

Publications:   Brosius,  F.C.  Ill,  Waller,  B.F.,  Roberts,  W.C.:   Radiation 
Heart  Disease.   Analysis  of  16  young  (aged  15  to  33  years) 
necropsy  patients  who  received  over  3500  rads  to  the  heart. 
American  Journal  of  Medicine  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  degrees  of  cross-sectional  area  luminal  narrowing  by  atherosclerotic 
plaques  of  each  five-mm  long  segment  of  each  of  the  four  major  (right,  left  main 
left  anterior  descending  and  left  circumflex)  epicardial  coronary  arteries  in  22 
necropsy  patients  (age  16-37  years,  21  women)  with  systemic  lupus  erythematosus 
(SLE)  was  determined  and  the  findings  compared  to  that  in  13  control  subjects. 
Of  62  3  five-mm  coronary  segments  in  the  SLE  patients,  80  (13%)  were  narrowed  76- 
100%  (controls  =  0  of  431  segments);  125  (20%),  51-75%  (controls  =  6%);  273 
(44%),  26-50%  (controls  =  63%)  and  145  (23%),  0-25  (controls  =  31%). 
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Project  Description:   The  degrees  of  cross-sectional  area  luminal 
narrowing  by  atherosclerotic  plaques  of  each  five-mm  long  segment  of  each 
of  the  four  major  (right,  left  main,  left  anterior  descending  and  left 
circumflex)  epicardial  coronary  arteries  in  22  necropsy  patients  (age 
16-37  years,  21  women)  with  systemic  lupus  erythematosus  (SLE)  was 
determined  and  the  findings  compared  to  that  in  13  control  subjects.   Of 
623  five-mm  coronary  segments  in  the  SLE  patients,  80  (13%)  were  narrowed 
76-100%  (controls  =  0  of  431  segments);  125  (20%),  51-75%  (controls  =  6%); 
273  (44%),  26-50%  (controls  =  63%)  and  145  (23%),  0-25  (controls  =  31%). 
The  22  SLE  patients  consisted  of  10  patients  in  whom  one  or  more  of  the 
four  major  coronary  arteries  were  narrowed  76-100%  in  cross-sectional  area 
and  of  12  patients  who  had  lesser  degrees  of  narrowing.   The  latter  12 
patients  had  similar  degrees  of  coronary  narrowing  to  that  in  the  13 
control  subjects.   The  10  SLE  patients  with  compared  to  the  12  SLE 
patients  without  severe  (>75%)  coronary  narrowing  had  significantly  higher 
mean  values  of  total  serum  cholesterol  (382  -  vs  -  290  rag/dl),  higher  mean 
systolic/diastolic  arterial  pressures  (175/119  -  vs  -  151/93  mm  Hg),  a 
higher  frequency  of  mitral  valvular  disease  (seven  of  10  patients  -  vs  -  0 
of  12  patients),  and  a  higher  frequency  of  pericardial  adhesions  (seven  of 
10  patients  -  vs  -  three  of  12  patients). 

Publication:   Haider,  Y.S.,  Roberts,  W.C.:   Coronary  Arterial  Disease  in 
Systemic  Lupus  Erythematosus:   Quantification  of  degrees  of 
narrowing  in  22  necropsy  patients  (21  women)  aged  16  to  37 
years.   American  Journal  of  Medicine  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  amount  of  cross-sectional  area  narrowing  by  athersclerotic  plaques  in 
each  5-mm  long  segment  of  the  left  main,  left  anterior  descending,  left  circum- 
flex and  right  coronary  arteries  was  analyzed  at  necropsy  in  15  patients  with 
type  II  hyperlipoproteinemia  (HLP) ,  in  13  with  type  IV  HLP  and  in  10  with  known 
normal  lipoprotein  patterns.   All  38  study  patients  had  clinical  evidence  of 
coronary  heart  disease.   Of  the  2593  five-mm  segments  examined  histologically, 
the  percents  narrowed  in  4  categories  of  cross-sectional  area  narrowing  were  as 
follows:   76-100%:  type  II  =  39,  type  IV  =  67,  normal  =  35  (controls  =  4);  51- 
75%:  type  II  =  36,  type  IV  =  20,  normal  =  38  (controls  =  33);  26-50%:  type  II  = 
16,  type  IV  =  10,  normal  =  16  (controls  =  50);  0-25%:  type  II  =  9,  type  IV  =  3, 
normal  =  11  (controls  =  13). 
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Project  Description:   The  amount  of  cross-sectional  area  narrowing  by 
atherosclerotic  plaques  in  each  5-inm  long  segment  of  the  left  main,  left 
anterior  descending,  left  circumflex  and  right  coronary  arteries  was 
analyzed  at  necropsy  in  15  patients  with  type  II  hyperlipoproteinemia 
(HLP),  in  13  with  type  IV  HLP  and  in  10  with  known  normal  lipoprotein 
patterns.   All  38  study  patients  had  clinical  evidence  of  coronary  heart 
disease.   Of  the  2593  five-mm  segments  examined  histologically,  the 
percents  narrowed  in  4  categories  of  cross-sectional  area  narrowing  were 
as  follows:   76-100%:  type  II  =  39,  type  IV  =  67,  normal  =  35  (controls  = 
4);  51-75%:   type  II  =  36,  type  IV  =  20,  normal  =  38  (controls  =  33); 
26-50%:   type  II  =  16,  type  IV  =  10,  normal  =  16  (controls  =  50);  0-25%: 
type  II  =  9,  type  IV  =  3,  normal  =  11  (controls  =  13).   Utilizing  a 
scoring  system  of  1  to  4  for  the  4  categories  of  narrowing,  the  mean 
scores  per  5-mm  segment  for  the  patients  with  type  II  HLP  and  for  those 
with  normal  lipoprotein  patterns  were  identical  (3.0)  and  significantly 
less  than  for  the  patients  with  type  IV  HLP  (3.5);  the  mean  scores  per 
5-mm  segment  for  all  3  study  groups  were  significantly  greater  than  for 
the  control  subjects  (2.3),  but  none  of  the  latter  had  symptomatic 
coronary  heart  disease.   Thus,  our  patients  with  type  IV  HLP  had 
significantly  more  severe  coronary  narrowing  than  did  our  patients  with 
type  II  HLP  or  those  with  normal  lipoprotein  patterns.   Both  latter  groups 
had  similar  degrees  of  narrowing. 

Publication:    Cabin,  H.S.,  Roberts,  W.C.:   Quantification  of  Amounts  of 
Coronary  Arterial  Narrowing  in  Patients  with  Types  II  and 
IV  Hyperlipoproteinemia  and  in  Those  with  Known  Normal 
Lipoprotein  Patterns.   A  comparative  histologic  analysis  of 
1952  five-mm  segments  of  coronary  artery  in  38  necropsy 
patients  with  symptomatic  myocardial  ischemia  and  of  641 
five-mm  segments  in  15  control  subjects.   Annals  Internal 
Medicine  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Although  stenosis  and  infective  endocarditis  are  commonly 
appreciated  complications  of  the  congenitallv  bicuspid  aortic  valve,  pure, 
severe  aortic  regurgitation  complicating  this  congenital  malformation, 
unassociated  with  either  stenosis  or  infection,  is  not  well  recognized. 
Among  189  patients  who  had  aortic  valve  replacement  at  the  National  Heart 
Institute  because  of  isolated,  pure  aortic  regurgitation,  the  congenitally 
bicuspid  aortic  valve,  never  the  site  of  infective  endocarditis,  was 
responsible  for  the  aortic  regurgitation  in  13  (7%).   This  report 
described  certain  clinical  and  morphologic  findings  in  13  men,  aged  26  to 
65  years  (mean  43),  who  required  aortic-valve  replacement  because  of 
severe  aortic  regurgitation  secondary  to  non-infective,  non-stenotic 
congenitally  bicuspid  aortic  valves. 
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Project  Description:   Although  stenosis  and  infective  endocarditis  are 
commonly  appreciated  complications  of  the  congenitally  bicuspid  aortic 
valve,  pure,  severe  aortic  regurgitation  complicating  this  congenital 
malformation,  unassociated  with  either  stenosis  or  infection,  is  not  well 
recognized.   Among  189  patients  who  had  aortic  valve  replacement  at  the 
National  Heart  Institute  because  of  isolated,  pure  aortic  regurgitation, 
the  congenitally  bicuspid  aortic  valve,  never  the  site  of  infective 
endocarditis,  was  responsible  for  the  aortic  regurgitation  in  13  (7%). 
This  report  described  certain  clinical  and  morphologic  findings  in  13  men, 
aged  26  to  65  years  (mean  43),  who  required  aortic-valve  replacement 
because  of  severe  aortic  regurgitation  secondary  to  non-infective, 
non-stenotic  congenitally  bicuspid  aortic  valves.   Although  not  generally 
recognized,  the  non-infected  congenitally  bicuspid  aortic  valve  is  an 
important  cause  of  pure  aortic  regurgitation  severe  enough  to  warrant 
aortic=valve  replacement. 

Publication:    Roberts,  W.C.,  Morrow,  A.G.,  Mcintosh,  C.L.,  Jones,  M. , 
and  Epstein,  S.E.:   Congenitally  Biscuspid  Aortic  Valve 
Causing  Severe,  Pure  Aortic  Regurgitation  Without 
Superimposed  Infective  Endocarditis:   An  Analysis  of  13 
Patients  Requiring  Aortic  Valve  Replacement. 
CIRCULATION  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  review  of  the  ultrastructure  of  normal  and  diseased  blood  vessels, 
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Project  Description:  A  review  was  made  of  the  ultrastructure  of  blood 
vessels,  including  aorta,  elastic  and  muscular  arteries,  arterioles, 
capillaries,  venules  and  veins,  with  emphasis  on  their  individual 
cellular  and  extracellular  components  as  seen  first  in  the  normal 
state  and  then  in  atherosclerosis. 

Publications:   Ferrans,  V.  J.:   Vascular  structure.   In  Patel,  D.  J.  and 
Vaishnav,  R.  N.  (Eds.):  Basic  Hemodynamics  and  Its  Role 
in  Disease  Processes.   Baltimore,  University  Park  Press, 
1980,  Chapter  3,  pp.  105-154. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Administration  of  vitamin  E  (as  a-tocopherol  acetate)  and  selenium  (as 
sodium  selenite)  failed  to  provide  adequate  protection  against  the 
development  of  adriamycin- induced  chronic  cardiotoxicity  in  dogs . 
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Project  Description:  Chronic  adriamycin  intoxication  was  produced  in  3 
groups  of  Beagle  dogs  by  weekly  intravenous  injections  (1  mg/kg  body 
weight)  for  20  weeks  (cumulative  dose  400  mg/m2) .   Group  A  (6  dogs) 
received  adriamycin  only;  Group  B  (6  dogs)  was  given  adriamycin  and 
weekly  doses  of  vitamin  E  (17  mg/kg  body  weight)  as  a-tocopherol  acetate, 
and  Group  C  (6  dogs)  received  adriamycin  and  weekly  doses  of  vitamin  E 
as  in  Group  B  and  selenium  (0.06  mg/kg  body  weight  as  selenite) .   Each 
of  the  18  dogs  developed  cardiomyopathy  and  death  occurred  in  11  dogs 
during  weeks  17-20.  Mortality  was  lowest  in  Group  B  (2  of  6)  but  no 
differences  between  groups  were  seen  either  in  survival  time  of  the  dogs 
that  died  or  in  severity  of  cardiomyopathy.   Congestive  heart  failure 
with  transudation  was  present  in  4  of  11  dogs  that  died.   Cardiac 
histopathology  was  characterized  by  vacuolar  degeneration  of  myocytes. 
Myocardial  damage  was  most  severe  in  left  ventricle  and  ventricular  septum, 
intermediate  in  right  ventricle  and  left  atrium  and  least  in  right  atrium. 
Ultrastructural  study  demonstrated  that  an  early  alteration  in  damaged 
myocytes  was  distention  of  sarcoplasmic  reticulum  to  form  sarcoplasmic 
vacuoles.   Occasional  damaged  fibers  had  myofibrillar  lysis  and  focal 
proliferation  of  sarcoplasmic  reticulum. 

This  study  demonstrates  that  the  dog  offers  a  suitable  model  for  studies 
of  chronic  adriamycin  cardiotoxicity  in  man.   Lack  of  cardioprotection 
from  vitamin  E  and  selenium  supplementation  fails  to  support  the  proposed 
role  of  lipoperoxidative  damage  in  the  development  of  chronic  adriamycin 
cardiomyopathy . 

Publications:  Van  Vleet,  J.  F.,  Ferrans,  V.  J.,  and  Weirich,  W.  E.: 

Cardiac  disease  induced  by  chronic  adriamycin  administration 
in  dogs  and  an  evaluation  of  vitamin  E  and  selenium  as 
cardioprotectants.   Am.  J.  Pathol.  99:  13-42,  1980. 

Van  Vleet,  J.  F. ,  and  Ferrans,  V.  J.:   Cutaneous  lesions 
and  hematologic  alterations  in  chronic  adriamycin 
intoxication  in  dogs  with  and  without  vitamin  E  and  selenium 
supplementation.   Am.  J.  Vet.  Res.  41:  691-699,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


The  cardiac  lesions  produced  in  dogs  by  single  transthoracic  damped 
sinusoidal  waveform  shocks  consisted  of  focal  areas  of  myocyte  necrosis 
with  contraction  bands  and  calcific  deposits.   Inflammatory  infiltrates 
consisted  first  of  neutrophilic  leukocytes  and  then  of  macrophages. 
These  lesions  underwent  gradual  resolution  over  a  period  of  8  weeks. 
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Project  Description:   Fifty-six  dogs  were  allotted  to  eight  groups»and 
were  given  no  shock  or  a  single  transthoracic  damped  sinusoidal  wave- 
form shock  of  1,  3,  6,  9,  12,  15,  and  20  A/kg  of  body  weight.  The  dogs 
were  euthanatized  at  1  day,  2  days,  4  days,  2  weeks,  and  8  weeks  after 
shocking  and  small  blocks  of  ventricular  myocardium  were  collected  for 
ultrastructural  study  from  dogs  given  large  (15  and  20  A/kg)  shocks  from 
the  center  of  the  defibrillator-induced  areas  of  myocardial  necrosis. 
Early  (days  1,  2,  and  4  after  shock)  ultrastructural  alterations  in 
myocardium  were  characterized  by  myocyte  necrosis  with  contraction  bands 
(myofibrillar  degeneration) .  Mitochondria  in  damaged  myocytes  had 
flocculent  matrical  densities  at  1  day  after  shock;  by  2  days  or  more 
after  shock  mitochondria  were  mineralized  with  dense  granular  and 
spicular  matrical  deposits.  Mineralization  was  also  present  in  the  lysed 
masses  of  contractile  material  in  necrotic  myocytes  by  2  days  or  more 
after  shock.   Interstitial  edema  was  prominent  for  the  first  4  days 
after  shock.  Numerous  neutrophilic  granulocytes  were  in  the  interstitium 
and  had  invaded  necrotic  myocytes  at  1  and  2  days  after  shock.   By  4 
days,  many  macrophages  were  infiltrated  in  the  interstitium  and  into 
necrotic  fibers  and  had  engulfed  masses  of  necrotic,  and  often  mineralized 
sarcoplasmic  debris.  External  laminae  persisted  in  myocytes  undergoing 
necrosis. 

Resolving  lesions  were  present  in  areas  of  damaged  myocardium  at  2  weeks 
and  8  weeks  after  shock.  Only  remnants  of  external  laminae  remained 
where  myocytes  had  undergone  necrosis.  The  interstitium  contained 
active-appearing  fibroblasts,  abundant  accumulations  of  collagen  fibrils, 
and  occasional  macrophages.   In  these  areas  of  myocardial  scarring,  some 
myocytes  had  persisted  but  were  degenerated  as  indicated  by  atrophy, 
lysis  of  myofibrils  (myocytolysis) ,  and  focal  proliferation  of  elements 
of  sarcoplasmic  reticulum. 

Publications:   Van  Vleet,  J.  F. ,  Tacker,  W.  A.  Jr.,  Geddes,  L.  A., 

and  Ferrans,  V.  J.:   Sequential  ultrastructural  alterations 
in  ventricular  myocardium  of  dogs  given  large  single 
transthoracic  damped  sinusoidal  waveform  defibrillator 
shocks.  Am.  J.  Vet.  Res.  41:  493-501,  1980. 


S9c 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  HL  03200-01  PA 


PERIOD  COVERED 

October  1,  1979,  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Cardiac  Ultrastructure 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:  Victor  J.  Ferrans,  Chief  Ultrastructure  Section 


PA   NHLBI 


COOPERATING  UNITS  (if  any) 

None 


lab/branch 

Pathology  Branch 


SECTION 


Ultrastructure  Section 


INSTITUTE  AND  LOCATION 

NHLBI,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARSi 

416  hrs 


PROFESSIONAL: 

416  hrs 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
[J  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


(b)  HUMAN  TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  comprehensive  review  of  the  applications  of  electron  microscopy  of 
the  human  heart  to  diagnostic  pathology. 
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Project  Description:  The  applications  of  electron  microscopy  of  the 
heart  are  discussed  under  the  following  categories: 

1.  Normal  myocardial  ultrastructure. 

2.  Myocardial  hypertrophy. 

3.  The  cardiomyopathies. 

4.  Myocardial  ischemia. 

5.  Myocarditis. 

6.  Acute  rheumatic  fever  and  chronic  rheumatic  valvular  disease. 

7.  Other  diseases  of  cardiac  valves  and  mural  endocardium. 

8.  Cardiac  tumors. 

Publications:   Ferrans,  V.  J.:  The  Heart.   In  Johannessen,  J.  V.  (Ed.) 
Electron  Microscopy  in  Human  Medicine.   New  York, 
McGraw-Hill,  1979,  Volume  No.  5.   (In  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  possible  protective  effects  of  vitamin  E  and  selenium  against 
adriamycin- induced  cardiotoxicity  were  investigated  using  the  rabbit 
model  system.   Cardioprotection  by  vitamin  E  and/or  selenium  was  found 
to  be  very  limited,  and  only  supplements  of  large  amounts  of  vitamin 
E  provided  even  partial  protection. 


PHS-6040 
(Rev.  10-76) 


gf3 
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Project  Description:  Chronic  adriamycin  intoxication  was  produced  in  50 
weanling  rabbits  by  weekly  injections  of  2.4  mg  ADR/kg  of  body  weight 
for  up  to  17  weeks.  An  evaluation  was  made  of  the  protective  value  of 
weekly  injected  supplements,  given  24  hours  before  each  adriamycin 
injection,  of:   1)   low  vitamin  E  (a-tocopherol  acetate,  17  mg/kg) , 
2)  high  vitamin  E  (a- tocopherol  acetate,  170  mg/kg),   3)   selenium  (as 
sodiiim  selenite,  0.06  mg/kg)  and  4)   combined  low  vitamin  E  and 
selenium.   The  incidence  of  cardiomyopathy  was  high  in  both  supplemented 
and  unsupplemented  rabbits.  Mean  cardiomyopathy  scores  were  low  in 
unsupplemented  rabbits  and  moderately  high  in  the  supplemented  rabbits 
(which  survived  longer) ,  but  were  lower  in  rabbits  given  high  vitamin  E 
than  in  the  other  supplemented  groups.   Supplements  of  vitamin  E, 
selenium,  or  both,  prolonged  survival  of  animals  treated  chronically 
with  adriamycin,  but  only  supplements  of  large  amounts  of  vitamin  E 
provided  any  evidence  of  even  partial  protection  against  chronic 
cardiotoxicity. 

Publications:   Van  Vleet,  J.  F.,  and  Ferrans,  V.  J.:   Evaluation  of 
vitamin  E  and  selenium  protection  against  chronic 
adriamycin  toxicosis  in  rabbits.   Cancer  Treat.  Rep. 
(In  press) . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  detailed  description  is  given  of  the  structure  and  pathogenesis  of  calcific 
deposits  that  develop  in  porcine  bioprostheses  implanted  as  substitute 
cardiac  valves  in  patients.  The  two  main  sites  of  localization  of  these 
deposits  are  surface  thrombi  and  the  connective  tissue  in  the  cusps. 
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Project  Description:   Gross,  histologic  and  ultrastructural  studies  were 
made  of  14  porcine  valvular  bioprostheses  that  were  found  to  contain 
calcific  deposits  at  the  time  of  removal  either  at  reoperation  (13  patients) 
or  necropsy  (1  patient) .   Eleven  bioprostheses  had  been  in  the  mitral 
position,  1  in  the  aortic,  1  in  the  tricuspid,  and  1  in  a  pulmonic 
conduit.  The  ages  of  the  patients  at  the  time  of  implantation  ranged  from 
2.5  to  65  years  (average  =  32),  and  the  bioprostheses  had  been  in  place 
from  3  to  94  months  (average  =  39) .   From  analysis  of  these  14  bio- 
prostheses and  from  review  of  reports  concerning  37  other  calcified 
porcine  bioprostheses,  the  following  conclusions  appear  justified: 

1.  Calcific  deposits  occur  commonly  in  bioprostheses  implanted  in  patients 
of  all  ages,  but  are  more  likely  to  become  severe  and  clinically  significant 
in  children  and  in  young  adults  than  in  older  patients. 

2.  Calcific  deposits  can  lead  to  prosthetic  valvular  stenosis,  because  they 
can  limit  the  mobility  of  the  cusps;  however,  they  also  can  be  associated 
with  prosthetic  valvular  regurgitation. 

3.  Metabolic  disorders  that  could  contribute  to  bioprosthetic  calcification 
are  not  identifiable  in  most  patients  having  calcified  prosthetic  tissue 
valves . 

4.  The  two  main  sites  of  deposition  of  calcium  phosphate  in  porcine 
valvular  bioprostheses  are  the  connective  tissue  in  the  cusps,  particularly 
in  the  spongiosa,  and  small  thrombi  on  the  surfaces. 

5.  Calcification  of  connective  tissue  first  involves  the  collagen  fibrils; 
calcification  of  thrombi,  the  mitochondria  in  platelets  and  leukocytes 
trapped  in  the  mesh  of  fibrin.   From  these  two  sites,  calcific  deposits 
can  grow  and  spread  into  other  areas  of  the  cusps. 

Publications:   Ferrans,  V.  J.,  Boyce,  S.  W.,  Billingham,  M.  E. ,  Jones,  M. , 
Ishihara,  T.  and  Roberts,  W.  C:  Calcific  deposits  in 
porcine  bioprostheses:   Structure  and  pathogenesis. 
Am.  J.  Cardiol.   (In  press) . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  detailed  description  of  the  ultrastructure  of  human  pericardium. 
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Project  Description:  Histologic  and  ultrastructural  studies  were  made 
of  normal  anterior  parietal  pericardium  from  7  patients.   Parietal 
pericardium  is  composed  of  3  layers:   1)   the  serosa,  which  consists  of 
a  surface  layer  of  mesothelial  cells  and  a  narrow  submesothelial  space; 
2)   the  fibrosa,  which  contains  variously  oriented  layers  of  collagen 
fibrils  and  small  elastic  fibers,  and  3)   the  epipericardial  connective 
tissue  layer,  which  mainly  contains  large,  coarse  bundles  of  collagen  and 
forms  part  of  the  pericardiosternal  ligament.   Scanning  electron 
microscopic  examination  is  most  useful  for  study  of  the  surface  features 
of  pericardial  mesothelial  cells,  which  have  single  cilia  and  are  covered 
with  microvilli.  The  latter  bear  friction  and  increase  the  surface  area 
for  fluid  transport.   Junctional  complexes  between  adjacent  mesothelial 
cells  consist  of  desmosomes,  which  reinforce  intercellular  adhesion, 
and  zonulae  occludentes,  which  form  permeability  barriers.   Actin-like 
(50  X  in  diameter]  filaments  are  present  in  microvilli  and  immediately 
subjacent  regions  of  the  cells;  these  filaments  mediate  changes  in  cell 
shape.   Intermediate  (100  X  in  diameter)  filaments  are  associated  with 
desmosomes  and  form  bundles  in  the  perinuclear  regions;  these  filaments 
provide  structural  support  to  the  cytoplasm.  The  collagen  in  the  fibrosa 
has  a  wavy  or  "crimped"  configuration,  which  permits  stretching  of  the 
pericardial  connective  tissue. 

Publications:   Ishihara,  T. ,  Ferrans,  V.  J.,  Jones,  M. ,  Boyce,  S.  W. , 
Kawanami,  0.,  and  Roberts,  W.  C:   Histologic  and 
ultrastructural  features  of  normal  human  parietal 
pericardium.   Am.  J.  Cardiol.   (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Subplasmalemmal  linear  densities,  consisting  of  a  thin  layer  of  electron-dense 
material  immediately  subjacent  to  the  inner  aspect  of  the  plasma  membrane, 
were  found  in  cells  of  the  mononuclear  phagocyte  system  in  lung  biopsies 
from  patients  with  fibrotic  disorders.   Two  types  of  subplasmalemmal  linear 
densities  were  found:   impaired  and  paired.   The  latter  formed  junctions  that 
differed  morphologically  from  other  types  of  junctions.   Such  junctions  may 
contribute  to  the  aggregation  and  immobilization  of  mononuclear  phagocytes. 
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Project  Description:  The  presence  of  subplasmalemmal  linear  densities  in 
cells  of  the  mononuclear  phagocyte  system  was  investigated  in  pulmonary 
biopsies  from  33  patients  with  fibrotic  lung  disorders.   Subplasmalemmal 
linear  densities,  consisting  of  a  thin  layer  of  electron-dense  material 
immediately  subjacent  to  the  inner  leaflet  of  the  plasma  membrane,  were 
found  in  30  of  the  33  patients,  including  each  of  6  patients  with  pul- 
monary sarcoidosis,  18  of  19  patients  with  idiopathic  pulmonary  fibrosis, 
4  of  5  patients  with  collagen-vascular  diseases,  1  patient  with  pulmonary 
lymphangioleiomyomatosis,  and  1  patient  with  marked  interstitial  pulmonary 
fibrosis  associated  with  squamous  cell  carcinoma  of  the  lung.   Sub- 
plasmalemmal linear  densities  were  found  in  epithelioid  cells,  macrophages 
and  giant  cells  in  granulomas  in  the  6  patients  with  sarcoidosis,  and  in 
alveolar  macrophages  in  4  of  these  patients.   In  patients  with  other 
fibrotic  lung  disorders,  subplasmalemmal  linear  densities  were  limited 
in  distribution  to  interstitial  and  alveolar  macrophages.   In  all  patients 
with  sarcoidosis  some  of  the  subplasmalemmal  linear  densities  of  adjacent 
mononuclear  phagocytes,  particularly  of  those  in  granulomas,  were  paired 
and  formed  specialized  intercellular  junctions.   Such  junctions  also  were 
observed  in  macrophages  in  10  of  the  patients  with  other  fibrotic  lung 
disorders.  The  junctions  formed  by  subplasmalemmal  linear  densities 
differed  from  other  types  of  junctional  structures.  Subplasmalemmal 
linear  densities  appear  to  function  in:   1)   the  binding  of  actin  fila- 
ments to  the  cytoplasmic  surface  of  the  plasma  membrane,  and  2)   the 
formation  of  intercellular  junctions,  which  may  contribute  to  the 
immobilization  of  mononuclear  phagocytes  in  granulomas  and  alveolar  lumina. 

Publications:   Kawanami,  0.,  Ferrans,  V.  J.,  and  Crystal,  R.  G. :   Sub- 
plasmalemmal linear  densities  in  cells  of  the  mononuclear 
phagocyte  system  in  lung.   Am.  J.  Pathol.  100:  r3r-l!30', 
1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  toxicity  of  therapeutic  doses  of  adriamycin  was  evaluated  in  pigs. 
An  animal  model  was  developed  for  the  study  of  the  cardiac  chronic 
lesions  produced  by  adriamycin.   This  represents  the  only  large  animal 
model  system  available  for  this  purpose. 
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Project  Description:   In  ten  experiments,  53  castrated  male  4-  to  8-week- 
old  weanling  pigs  were  given  adriamycin  in  doses  of  0.64,  1.0,  1.6,  3.2, 
or  6.4  mg/kg/week  for  up  to  20  weeks.   Survival  time  was  prolonged  in 
younger  pigs  and  in  pigs  given  smaller  but  more  frequent  dosages  of 
adriamycin.   Characteristic  gross  and  histopathologic  alterations  of 
adriamycin  toxicosis  were  observed  in  pigs  given  1.0,  1.6,  3.2,  or 
6.4  mg/kg/week  mean  dosages.   The  most  frequent  lesions  were  in  the 
alimentary  tract,  myeloid  and  lymphoid  tissues,  skin,  and  perivascular 
tissues  at  injection  sites.   Alimentary  tract  lesions  consisted  of 
mucosal  epithelial  atrophy,  with  secondary  fibrinonecrotic  inflammation 
in  the  oral  cavity  and  large  intestine.   Marked  hypoplasia  was  seen  in 
bone  marrow  and  lymphoid  tissues,  with  frequent  terminal  hemorrhagic 
diathesis  and  septicemia.   Several  days  before  death,  the  pigs  developed 
severe  dermatitis  over  the  ventral  portion  of  the  abdomen  and  inner 
surfaces  of  the  limbs.   Perivascular  necrosis  and  cellulitis  produced 
by  extravasation  of  adriamycin  was  a  frequent  complication  of  treatment. 
Terminal  severe  acute  pneumonia  occurred  in  most  pigs. 

Pericarditis  or  cardiomyopathy  (or  both)  developed  in  14  pigs  given 
0.64,  1.0,  or  1.6  mg/kg  each  week  (mean  cumulative  dosage  520.5  mg/m2 
of  body  surface) .   Characteristic  histopathologic  and  ultrastructural 
alterations  in  affected  cardiac  muscle  cells  were  vacuolar  degeneration, 
myocytolysis,  and  hyaline  necrosis.   Renal  lesions  also  developed  in  pigs 
with  chronic  adriamycin  toxicosis.   Systemic  antibiotic  treatment  did 
not  prolong  survival  of  adriamycin- treated  pigs  in  two  experiments,  but 
did  in  one  other  experiment.   In  conclusion,  the  pig  represents  a  useful 
large  animal  model  for  the  study  of  chronic  adriamycin  cardiotoxicity. 

Publications:  Van  Vleet,  J.  F. ,  Greenwood,  L.  A.,  and  Ferrans,  V.  J.: 

Pathologic  features  of  adriamycin  toxicosis  in  young  pigs: 
nonskeletal  lesions.  Am.  J.  Vet.  Res.  40:  1537-1552,  1979. 
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The  clinical  and  laboratory  programs  of  the  Surgery  Branch  have,  as 
in  past  years,  largely  centered  upon  the  study  of  operative  methods  for  the 
correction  of  congenital  and  acquired  heart  and  lung  diseases,  assessment 
of  the  results  of  such  operations,  and  laboratory  studies  related  to 
cardiovascular  physiology  and  pharmacology. 

A  long-term  and  continuing  interest  of  the  Surgery  Branch  has  been 
the  evaluation  of  the  role  of  operation  in  patients  with  hypertrophic  cardio- 
myopathy.  As  of  this  time  300  patients  with  hypertrophic  cardiomyopathy 
have  been  operated  upon.   In  general,  operation  has  only  been  recommended 
to  severely  symptomatic  patients  who  have  not  benefitted  from  treatment 
with  Inderal  or  Verapamil.   Recently,  however,  operations  have  been 
recommended  and  carried  out  in  an  unusual  subgroup  of  patients  with  this 
disease. 

Left  Ventricular  Myotomy  and  Myectomy  in  Patients  with  Obstructive 
Hypertrophic  Cardiomyopathy  and  Previous  Cardiac  Arrest.   Left  ventricular 
myotomy  and  myectomy  was  carried  out  in  15  patients  with  obstructive 
hypertrophic  cardiomyopathy  solely  because  of  a  previously  documented 
episode  of  cardiac  arrest.   Prior  to  arrest,  each  patient  had  either  no  or 
only  minimal  functional  limitation,  and,  therefore,  would  not  have  met  the 
usual  criteria  for  operation:   severe  symptoms  unresponsive  to  medical 
therapy.   Of  the  15  patients,  one  died  in  the  perioperative  period,  and 
one  died  suddenly  and  unexpectedly  nine  months  postoperatively.   The  remain- 
ing patients  have  survived  one  to  six  years  after  operation;  all  but  one  of 
the  survivors  is  asymptomatic,  and  this  one  has  only  mild  symptoms. 
Operation  resulted  in  marked  decrease  or  abolition  of  the  left  ventricular 
outflow  gradient  under  basal  conditions  in  the  seven  patients  who  have  been 
studied  postoperatively.   Significant  residual  outflow  obstruction  was 
demonstrated  after  operation  in  the  patient  who  later  died. 

Sudden  death  in  patients  with  obstructive  hypertrophic  cardiomyopathy 
appears  usually  to  result  from  ventricular  arrhythmia,  and  prevention  of 
recurrent  fatal  arrhythmia  is  the  goal  of  treatment  in  patients  who  have  had 
cardiac  arrest  and  been  resuscitated.   Such  patients  should  be  treated 
indefinitely  with  antiarrhythmic  drugs.   In  addition,  when  severe  outflow 
obstruction  is  present,  we  postulate  that  effective  operative  relief  of 
obstruction  and  consequent  lowering  of  left  ventricular  systolic  pressure 
will  provide  additional  protection. 

Septal  Myotomy  and  Myectomy  in  Elderly  Patients  with  Hypertrophic 
Subaortic  Stenosis.   In  the  entire  operative  series  of  patients  with 
hypertrophic  cardiomyopathy  the  average  age  at  operation  is  abour  45  years. 
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with  the  increasing  use  of  Verapamil,  it  appears  that  younger  patients 
are  more  likely  to  respond  to  this  drug  and  have  relief  of  symptoms  without 
the  necessity  of  operation.   This  is  probably  one  factor  operating  to 
increase  the  average  age  of  patients  operated  upon  recently. 

The  results  of  operative  treatment  in  20  patients  with  hypertrophic 
cardiomyopathy  55  years  of  age  or  older  were  evaluated.   All  20  patients 
had  marked  left  ventricular  outflow  tract  obstruction  under  basal  conditions 
(average  gradient  107  mm  Hg) ;  the  other  three  patients  had  outflow  gradients 
of  > 50  mm  Hg  only  with  provocation. 

One  patient  died  at  operation,  and  one  died  four  years  after  operation 
of  circumstances  unrelated  to  hypertrophic  cardiomyopathy.   Sixteen  of  the 
18  long-term  surviving  patients  have  experienced  persistent  and  significant 
functional  improvement  for  up  to  six  years  after  operation,  including  seven 
patients  who  are  presently  asymptomatic.   Two  patients  deteriorated 
symptomatically  after  experiencing  initial  symptomatic  improvement  for 
three  and  four  years  postoperatively.   Operation  resulted  in  a  marked 
decrease  or  abolition  of  the  left  ventricular  outflow  gradient  in  each  of 
the  17  patients  who  underwent  postoperative  catheterization.   These  data  show 
that  gratifying  symptomatic  and  hemodynamic  improvement  may  be  obtained  by 
septal  myotomy  and  myectomy  in  the  elderly  patient  with  hypertrophic  cardio- 
myopathy.  Accordingly,  advanced  age  per  se,  is  not  a  contraindication  to 
operative  intervention  in  such  patients. 

Quantification  of  Regional  Myocardial  Dysfunction  Produced  by  Reductions 
in  Coronary  Blood  Flow:   Assessment  by  Sonomicrometry  Techniques.   Critical 
coronary  artery  obstruction  reduces  coronary  blood  flow  but  the  magnitude  of 
coronary  blood  flow  reduction  producing  myocardial  dysfunction  is  unknown. 
The  quantitative  effects  of  controlled  coronary  blood  flow  reductions  upon 
myocardial  function  using  sonomicrometry  techniques  were  examined  in  seven 
dogs. 

Paired  2  mm  piezo-electric  ultrasound  crystals  were  implanted  1.5  cm 
apart  within  the  left  ventricle  in  the  distribution  of  the  left  anterior 
descending  coronary  artery  (LAD)  along  an  axis  of  major  fiber  shortening. 
An  adjustable  occluder  encircled  the  LAD  above  its  first  diagonal  branch;  an 
electromagnetic  flow  probe,  located  distal  to  this  occluder,  measured  coronary 
blood  flow.   The  LAD  distal  to  the  occluder  supplied  36%  of  the  left 
ventricle.   In  42  evaluations  (6+^2/dog) ,  regional  and  global  left  ventricular 
function  was  measured  before,  during,  and  after  reductions  of  coronary  blood 
flow  of  25,  50,  75,  90,  and  100%.   The  results  were: 

Control      25%       50%      75%         90%        100% 
Diastolic  ^  i,  *  * 

expansion  (mm)    1.5+0.5   1.7+0.5    2.0+0.4    2.0+0.4      2.2+0.4     2.1+0.4 

Systolic  ^  ^^  ^^  *jt 

shortening  (mm)   1.4+0.4   1.1+0.4    0.8+0.3    0.4+0.3      0.4+0.3     0.3+0.4 


*         *  *  * 


d  length/dt 
(mm/second)       8.6+2.0   7.3+2.0    5.8+3.0    3.0+2.0      2.8+4.0     2.4+3.0 

p  ^0.05     p  4.0.001 

2  f'^^' 


There  were  no  statistically  significant  changes  in  LVEDP,  dp/dt, 
aortic  systolic  pressure,  cardiac  output,  or  endocardial  ST  segments. 
These  results  indicate  that  significant  changes  occur  in  regional  ventricular 
wall  motion  when  coronary  blood  flow  is  reduced  more  than  25%.   The  ischemic 
area  of  myocardium  becomes  dilated  and  hypokinetic.   Moreover,  these  changes 
occur  without  significant  global  left  ventricular  dysfunction  or  endocardial 
ST  segment  elevations.   It  was  concluded  that  reductions  of  coronary  blood 
flow  by  more  than  25%  produces  severe  regional  myocardial  dysfunction  which 
was  previously  undetectable  by  global  ventricular  function  measurements. 
Sonomicrometry  represents  a  most  sensitive  technique  to  assess  regional 
myocardial  function  and  ischemia. 

LDH  Isoenzymes  and  Evaluation  of  Perioperative  Myocardial  Injury. 
In  an  attempt  to  improve  the  accuracy  with  which  the  diagnosis  of  myocardial 
infarction  is  made  in  patients  undergoing  cardiac  surgical  procedures,  an 
improved  method  for  analyzing  serum  samples  for  LDH  isoenzymes  was  used  to 
test  the  accuracy  of  the  reversal  of  the  LD-l/LD-2  ratio  in  serum  as  index  of 
myocardial  infarction. 

The  use  of  the  isoenzymes  of  LDH,  particularly  the  reversal  of  the 
ratio  of  LD-l/LD-2  from  less  than  1.0  to  greater  than  1.0  has  been  shown  to 
be  an  accurate  index  of  myocardial  infarction  in  the  following  situations: 
in  the  coronary  care  unit,  in  patients  undergoing  general  surgical  procedures 
and  in  patients  undergoing  myocardial  revascularization.   Because  of  the 
uncertain  effect  that  operative  injury  to  the  myocardium  might  have  on  serum 
enzymes,  and  because  it  has  been  held  in  the  past  that  the  hemolysis 
associated  routinely  with  cardiopulmonary  bypass  might  in  and  of  itself 
result  in  reversal  of  the  LD-l/LD-2  ratio,  no  more  widespread  use  of  the 
test  had  been  attempted. 

In  a  study  of  40  patients  undergoing  various  cardiac  surgical 
procedures,  including  myocardial  revascularization,  valve  replacement,  left 
ventriculomyotomy  and  myectomy  for  relief  of  obstruction  due  to  assymetric 
septal  hypertrophy,  and  procedures  for  the  correction  of  palliation  of  various 
congenital  anomalies,  the  LD  ratio  was  examined  anew  as  a  possible  index  of 
myocardial  infarction.   Electrocardiograms  and  serum  samples  were  obtained 
less  than  24  hours  before  operation,  4  hours  and  24  hours  after  completion 
of  cardiopulmonary  bypass,  and  on  the  mornings  of  postoperative  days  2,  3, 
5,7.   An  additional  serum  sample  was  collected  30  minutes  after  separation 
from  cardiopulmonary  bypass. 

Detailed  analysis  of  the  postoperative  course  was  carried  out  on 
each  patient  and  a  judgment  made  as  to  whether  there  was  any  hemodynamic 
evidence  of  infarct.   Consideration  was  given  to  a  number  of  patient 
variables  as  well  as  to  operative  findings,  operative  technique,  and  post- 
operative requirements  for  pharmacologic  circulatory  support.   Each  serum 
sample  was  analyzed  for  total  Lactate  Dehydrodgenase  and  Creatine  Kinase 
as  well  as  LD  isoenzymes  and  CK-MB.   A  numerical  value  for  the  LD-l/LD-2  ratio 
in  each  sample  was  assigned.   The  serial  electrocardiograms  were  all  reviewed 
by  a  single  cardiologist  who  had  no  knowledge  of  the  patients  or  their  post- 
operative courses,  but  was  advised  of  the  type  of  surgical  procedure  each 
had  undergone. 


It  was  concluded,  on  the  basis  of  this  study,  that  the  LD-l/LD-2 
ratio  reversal  was  an  accurate  index  of  myocardial  infarction  in  all  patients 
undergoing  cardiac  surgical  procedures  except  those  who  had  ventriculotomies 
as  a  part  of  a  repair  of  a  congenital  anomaly.   It  was  determined  in  that 
group  of  patients  that  a  ventriculotomy  incision  in  and  of  itself  did  not 
result  in  reversal  of  the  ratio.   It  was  further  shown  that  the  hemolysis 
associated  with  cardiopulmonary  bypass  did  not  result  in  false  positive 
results,  that  is  the  reversal  of  the  ratio  without  the  occurrence  of  infarct. 

The  results  of  the  study  also  indicate  that  all  those  patients  who 
experienced  reversal  of  the  ratio  exhibited  this  finding  in  that  sample 
collected  24  hours  after  cardiopulmonary  bypass.   On  the  basis  of  this 
finding  it  is  concluded  that  the  LD  ratio  reversal  is  not  only  accurate  as 
an  index  of  myocardial  infarction  but  that  it  can  be  routinely  employed  as 
a  rapid  and  inexpensive  screening  test  in  all  patients  undergoing  cardiac 
surgical  procedures. 

The  adjunctive  data  produced  by  the  analysis  of  all  samples  for 
total  LD,  CK  and  CK-MB  indicated  that,  in  contrast  to  previous  reports,  CK- 
MB  appeared  in  the  serum  of  all  patients  undergoing  cardiac  surgical 
procedures.   In  light  of  this  finding,  it  was  concluded  that  the  appearance 
of  CK-MB  is  not  a  reliable  indicator  of  infarct  in  this  patient  population. 
The  amount  of  CK-MB  detected  in  each  patient  was  well  above  the  level  at 
which  artifact  might  be  raised  as  a  possible  explanation. 

Characterization  of  Naturally  Occurring,  Genetically  Transmitted, 
Fibrous  Subaortic  Stenosis  in  Newfoundland  Dogs.   The  morphologic  and  the 
hemodynamic  abnormalities  occurring  in  Newfoundland  dogs  with  genetically 
transmitted  subaortic  stenosis  have  been  the  subjects  of  several  studies. 
The  lesion  is  manifested  by  the  presence  of  a  precordial  murmur,  thrill, 
arrhythmia,  congestive  heart  failure,  bacterial  endocarditis  of  the  aortic 
valve,  or  sudden  death.   Obstruction  to  left  ventricular  outflow  is  caused 
by  the  development  of  a  circumferential,  subaortic  f ibromuscular  ring 
continuous  with  the  anterior  leaflet  of  the  mitral  valve,  virtually  identical 
to  the  same  lesion  in  humans.   The  obstruction  is  associated  with  left 
ventricular  hypertrophy,  intramural  coronary  artery  lesions,  myocardial 
fibrosis,  and  abnormalities  of  myocardial  blood  flow. 

Of  the  122  Newfoundland  dogs  studied  at  the  present  time,  60  have 
had  hemodynamic  and/or  morphologic  evidence  of  subaortic  stenosis.   The 
percentages  of  animals  with  obstruction  increased  with  the  ages  of  the  animals. 
None  of  21  newborns  had  obstruction;  one  of  five  less  than  one  month  old  had 
obstruction;  15  of  20  aged  two  to  twelve  months  had  obstruction;  and  44  of  76 
between  the  ages  of  one  and  seven  years  had  obstruction. 

The  left  ventricular  outflow  tract  obstruction  varied  from  a  discrete 
fibromuscular  subaortic  ring  to  a  tunnel  type  of  left  ventricular  outflow 
tract.   The  left  ventricular  outflow  tract  gradients  varied  from  5  to  95  mm  Hg. 
There  was  a  linear  correlation  of  left  ventricular  outflow  tract  gradient 
with  left  ventricular  mass.   All  animals  with  gradients  greater  than  25  mm  Hg 
had  distinctly  abnormal  left  ventricular  to  body  weight  ratios. 
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In  those  animals  with  obstruction,  the  subaortic  ring  extended  down 
from  the  aortic  annulus  and  was  continuous  with  the  anterior  leaflet  of 
the  mitral  valve,  similar  to  the  lesion  of  discrete  subaortic  stenosis  in 
man.   Histologically,  the  subaortic  stenosing  ring  consisted  of  fibroblasts, 
myofibroblasts,  mature  smooth  muscle  cells,  cells  resembling  chondrocytes, 
interstitial  ground  substance,  collagen,  and  small  amounts  of  elastin. 

Sixteen  animals  died  suddenly.   Four  had  bacterial  endocarditis  of 
the  aortic  valve.   In  12  death  was  unexplained,  and  was  presumed  to  be  due 
to  arrhythmia.   Two  of  these  deaths  occurred  during  exercise.   The  youngest 
dog  suffering  sudden  death,  without  having  had  endocarditis,  was  four  months 
old. 

Fibromuscular  intimal  proliferative  lesions  were  present  in  the 
intramural  coronary  arteries  of  many  animals.   The  extramural  coronary 
arteries  were  unaffected.   The  intramural  coronary  artery  lesions  were 
studied  in  detail  in  18  dogs.   These  coronary  artery  lesions  were  associated 
with  left  ventricular  outflow  tract  obstruction,  increased  left  ventricular 
mass,  myocardial  interstitial  fibrosis,  and  alterations  of  myocardial  blood 
flow. 

Myocardial  blood  flow  was  studied  using  radioactively  labeled  micro- 
spheres in  12  dogs  with  obstruction  and  left  ventricular  hypertrophy  and  in 
12  dogs  without.   These  studies  were  perfojoned  under  resting  and  stressed 
conditions.   The  stressed  conditions  consisted  of  techycardia,  increased 
afterload,  and  decreased  diastolic  pressure.   Evaluation,  using  cluster 
analysis  techniques,  of  the  stressed  produced  alterations  of  myocardial 
blood  flow  indicated  that  there  was  a  170%  greater  decrease  in  endocardial 
to  epicardial  flow  ratios  with  stress  for  the  dogs  with  lypertrophy  and 
obstruction  as  compared  to  those  without  obstruction. 

Early  and  Late  Hemodynamic  Evaluation  of  Crystalloid  and  Blood 
Cardioplegia.   Numerous  studies  have  compared  the  acute  hemodynamic  effects 
of  different  cardioplegic  solutions,  however,  none  have  evaluated  late 
myocardial  function.   Fifteen  dogs  were  divided  into  three  equal  groups. 
Group  I  (control)  underwent  two  hours  of  37 °C  cardiopulmonary  bypass.   Group 

II  underwent  two  hours  of  cardiopulmonary  bypass  including  one  hour  of 
continuous  20°C  cardiac  arrest  with  crystalloid  cardioplegia  (CCP) .   Group 

III  was  identical  to  Group  II  except  that  arrest  was  with  blood  cardioplegia 
(BCP) .   Both  cardioplegia  solutions  were  similar  in  potassium  concentration 
(30  mEq/L) ,  osmolarity  (350-365  mosm) ,  and  pH  (7.50-7.55).   Stroke  work 

index  (SWI) ,  LVEDP,  and  Vpm  were  measured  preoperatively ,  immediately 

postoperatively,  twenty-one  days  postoperatively,  and  120  days  postoperatively; 

compliance  curves  were  performed  with  an  intraventricular  balloon  at  120  days. 
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Group  I  (control) 

Group  II  (CCP) 

Group  III  (B 

preop  SWI  (GmM/Kg) 
120  day  SWI 

36.6  +  4.7 
30.1  +  2.2 

46.3  +  3.2 
34.6  +  2.7* 

47.2  +  3.8 
43.5  +  5.6 

preop  LVEDP  (mmHg) 
120  day  LVEDP 

9.6  +  0.6 
11.4  +  0.5 

8.6  +  0.8 
14.2  +  1.2* 

9.0  +  0.8 
12.2  +  1.5* 

25cc  intraventricular 

balloon  LVP  (mmHg)  28.6  +  0.9  40.2  +  1.2**      32.2  +  1.5 

*p<0.05  compared  to  preop  value     **p<0.01  compared  to  Groups  I  &  II 

No  significant  differences  from  preoperative  values  were  present  for  SWI, 
LVEDP,  or  Vpm  immediately  postoperatively  or  after  twenty-one  days  post- 
operatively.  At  120  days  hearts  arrested  with  BCP  maintained  significantly 
(p-<;;0.01)  better  SWI  (92.2%  of  preoperative  value)  compared  to  hearts 
arrested  with  CCP  (74.4%).   Additionally,  at  120  days  left  ventricular 
compliance  for  the  CCP  group  was  significantly  (p<0.05)  decreased  compared 
to  the  BCP  and  control  groups.   Therefore,  while  hearts  arrested  with  BCP 
or  CCP  had  no  early  deterioration  of  myocardial  function,  hearts  arrested 
with  CCP  demonstrated  greater  impairment  of  myocardial  function  at  120  days 
than  hearts  arrested  with  BCP. 

Endothelial  Changes  in  Human  Saphenous  Veins  Prepared  for  Coronary 
Artery  Bypass  Grafts:   Effects  of  Distention  Pressure  and  Preservation 
Techniques.   The  saphenous  vein  has  become  the  conduit  of  choice  in 
coronary  artery  revascularization  procedures.   Despite  its  popularity  and 
usefulness,  clinical  and  pathological  studies  indicate  that  these  vein  grafts 
are  subject  to  early  closure  and  mild  to  severe  intimal  hyperplasia  or 
atherosclerosis.   Experimental  models  have  demonstrated  that  endothelial 
damage  or  disruption  can  predispose  to  these  conditions.   To  evaluate  the 
endothelium  of  saphenous  veins  prepared  in  the  usual  manner  at  this  institute 
and  others,  a  portion  of  the  harvested  vein  taken  for  coronary  artery  bypass 
grafts  in  patients,  was  immediately  fixed  in  a  distended  condition  at  mean 
arterial  pressure  for  electron  microscopy.   These  veins  were  compared  to  veins 
which  were  distended  and  fixed  at  venous  pressure  alone. 

Scanning  electron  microscopic  comparisons  of  the  effects  of  handling 
techniques,  immersion  media,  and  distension  pressures  on  human  SV  morphology 
were  made. 

Segments  of  saphenous  veins  from  30  patients  were  divided  into  7  groups 
of  5  veins  each.   Group  1  was  immediately  distended  and  fixed  with  glutaralde- 
hyde  at  100  mm  Hg.   Groups  2  and  3  were  immersed  in  nonnal  saline  for  one 
hour  at  4°C  and  28°C,  respectively,  and  then  distended  to  100  mm  Hg  with 
saline.   Groups  4  and  5  were  immersed  in  blood  for  one  hour  at  4°C  and  28°C, 
respectively,  followed  by  distension  to  100  mm  Hg  with  blood.   Groups  5  and  7 
were  immediately  distended  with  saline  (group  6)  or  blood  (group  7)  to  300  mm 
Hg.   One  saphenous  vein  from  each  group  was  grasped  with  a  vascular  clamp; 
one  saphenous  vein  in  each  group  also  contained  a  side  branch  which  had  been 
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ligated.   All  groups  were  fixed  by  perfusion  with  glutaraldehyde  at  100  mm 
Hg  to  simulate  arterial  pressure  and  examined  with  a  scanning  electron 
microscope. 

Saphenous  veins  immersed  in  warm  saline  sustained  massive  endothelial 
cell  loss,  while  saphenous  veins  immersed  in  warm  blood  showed  only  moderate 
damage.   Cold  blood  and  cold  saline  immersion  fully  preserved  endothelium; 
however,  saline  immersion  produced  mural  edema.   Distension  to  300  mm  Hg 
with  saline  produced  severe  endothelial  damage  and  edema,  an  effect  lessened 
by  blood  distension.   Vascular  clamping  destroyed  endothelium  and  fractured 
the  intima.   Marked  luminal  stenoses  were  caused  by  4  of  7  side  branch  ties 
that  appeared  normal  externally.   It  is  concluded  that  human  saphenous  veins 
are  best  preserved  by  a  "no-touch"  harvesting  technique,  minimizing 
manipulation,  placement  of  side  branch  ties  away  from  the  vein  wall, 
immersion  in  cold  blood,  and  avoidance  of  distension  above  100  mm  Hg. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

From  1960  to  May  1979  245  patients  have  been  operated  upon  at  the  National 

Heart,  Lung,  and  Blood  Institute  for  relief  of  symptomatic  idiopathic  hypertrophiij; 

subaortic  stenosis.   Left  ventricular  myotomy  and  myectomy  was  carried  out  in 

nine  patients  with  obstructive  hypertrophic  cardiomyopathy  solely  because  of 

a  previously  documented  episode  of  cardiac  arrest.   Prior  to  arrest,  each 

patient  had  either  no  or  only  minimal  functional  limitation,  and,  therefore, 

would  not  have  met  the  usual  criteria  for  operation:   severe  symptoms 

unresponsive  to  medical  therapy.  ' 
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DESCRIPTION:   Of  the  nine  patients,  one  died  in  the  perioperative  period, 
and  one  died  suddenly  and  unexpectedly  nine  months  postoperatively.   The 
remaining  seven  patients  have  survived  nine  months  to  5-1/2  years  after 
operation;  six  of  the  seven  are  asymptomatic  and  one  has  only  mild  symptoms. 
Operation  resulted  in  marked  decrease  or  abolition  of  the  left  ventricular 
outflow  gradient  under  basal  conditions  in  seven  of  the  eight  patients 
studied  postoperatively.   Significant  residual  outflow  obstruction  was 
demonstrated  after  operation  in  the  patient  who  later  died. 

DISCUSSION:   Sudden  death  in  patients  with  obstructive  hypertrophic  cardio- 
myopathy appears  usually  to  result  from  ventricular  arrhythmia,  and  prevention 
of  recurrent  fatal  arrhythmia  is  the  goal  of  treatment  in  patients  who  have 
had  cardiac  arrest  and  been  resuscitated.   Such  patients  should  be  treated 
indefinitely  with  antiarrhythmic  drugs.   In  addition,  when  severe  outflow 
obstruction  is  present,  we  postulate  that  effective  operative  relief  of 
obstruction  and  consequent  lowering  of  left  ventricular  systolic  pressure 
will  provide  additional  protection. 

PROPOSED  COURSE:   This  work  is  In  Press  -  American  Journal  of  Cardiology. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Idiopathic  hypertrophic  subaortic  stenosis  is  being  identified  with 
increasing  frequency  in  older  patients.   The  results  of  operative  treatment 
in  20  patients  with  hypertrophic  cardiomyopathy  65  years  of  age  or  older,  are 
described.   All  20  patients  were  severely  symptomatic  prior  to  operation. 
Seventeen  of  the  20  patients  had  marked  left  ventricular  outflow  tract 
obstruction  under  basal  conditions  (average  gradient  107  mm  Hg) ;  the  other 
three  patients  had  outflow  gradients  of > 50  mm  Hg  only  with  provocation. 
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DESCRIPTION:   All  patients  were  severely  ^nnptomatic  before  operation;   17 
had  marked  LV  obstruction  at  rest  and  in  the  other  3   large  gradients 
appeared  with  provocation.   All  20  patients  had  been  unresponsive  to  medical 
therapy.   One  patient  died  at  operation,  and  one  died  four  years  after 
operation  of  circumstances  unrelated  to  hypertrophic  cardiomyopathy. 
Sixteen  of  the  18  long-term  surviving  patients  have  experienced  persistent 
and  significant  functional  improvement  for  up  to  six  years  after  operation, 
including  seven  patients  who  are  presently  asymptomatic.   Two  patients 
deteriorated  symptomatically  after  experiencing  initial  symptomatic 
improvement  for  three  and  four  years  postoperatively.   Operation  resulted 
in  a  marked  decrease  or  abolition  of  the  left  ventricular  outflow  gradient 
in  each  of  the  17  patients  who  underwent  postoperative  catheterization. 

DISCUSSION:   These  data  show  that  gratifying  symptomatic  and  hemodynamic 
improvement  may  be  obtained  by  septal  myotomy  and  myectomy  in  the  elderly 
patient  with  hypertrophic  cardiomyopathy.   Accordingly,  advanced  age  per  se, 
is  not  a  contraindication  to  operative  intervention  in  such  patients. 

PROPOSED  COURSE:   Submitted  for  presentation  at  the  53rd  Scientific  Session 
of  the  American  Heart  Association  Meeting. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Since  July  of  1970,  553  Hancock  "SGP"  bioprostheses  have  been  implanted 
in  436  patients;  105  patients  have  been  followed  more  than  four  years. 
Follow-up  data  includes  early  and  late  mortality  and  causes,  thromboembolic 
incidence,  valve  failures  and  modes  of  failures,  six  months  postoperative 
hemodynamic  data  for  atrioventricular  and  aortic  implants,  late  (•^4.5  years) 
hemodynamic  data  for  mitral  valve  patients,  and  complications  following 
valve  replacement  with  the  "SGP"  bioprosthesis.   Durability  of  the  bio- 
prosthesis implanted  more  than  4.5  years  is  marginal.   Long-term  follow-up 
reveals  a  9%  (10/105)  valve  failure  rate  in  the  atrioventricular  positions 
at  a  mean  of  77.8  months  following  implant.   Late  hemodynamic  prosthetic 
stenosis  has  been  found  in  7  of  18  patients  studied  an  average  of  85  months 
after  implantation.   Aortic  prosthesis  has  failed  early,  with  88  valves 
at  risk.   All  other  factors  continue  to  be  favorable  regarding  the  Hancock 
"SGP"  prosthesis. 
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Description:   The  natural  history  following  replacement  of  either  of 
the  atrioventricular  valves  or  aortic  valve  is  directly  related  to  the 
inherent  complications  associated  with  the  prosthetic  valve  implanted  as 
well  as  the  severity  of  disease  necessitating  cardiac  valve  replacement. 
The  Hancock  "SGP"  bioprosthesis  has  been  found  clinically  acceptable  because 
of  good  hydraulic  function  in  all  positions,  low  incidence  of  thromboembolism 
without  anticoagulants,  nonhemolytic  design  of  the  valve,  resistance  to 
infection  and  gradual  mode  of  failure  of  the  "SGP"  bioprosthesis.   Clinical 
and  late  hemodynamic  failures  of  the  "SGP"  bioprosthesis  continue  to  be  our 
major  concern  regarding  this  valve  now  nearing  10  years  of  clinical  use. 
Since  July  of  1970,  553  Hancock  "SGP"  bioprostheses  have  been  implanted 
in  436  patients  followed  for  more  than  four  years.   Patients  return  to 
NHLBI  six  months  postoperatively  to  undergo  examination  and  cardiac 
catheterization.   Thereafter  clinic  visits  are  scheduled  each  year  and 
periodic  hospitalizations  for  late  follow-up  are  recommended.   Major  com- 
plications are  recorded  and  long-term  follow-up  data  obtained. 

Results:   Analysis  will  be  confined  to  patients  receiving  one  or 
more  bioprostheses,  and  patients  with  a  bioprosthesis  and  a  mechanical 
prosthesis  will  be  considered  when  evaluating  durability.   Patients  were 
implanted  with  bioprostheses  as  follows:   MVR  =  130;  AVR  =  88;  AVR,  MVR  =  22; 
MVR,  iVR  =  44  and  AVR,  MVR,  TVR  =  8.   Maximum  follow-up  following  MVR  is  1x0.3 
months  with  the  median  follow-up  27.2  months  and  81.0%  +  4.5  patients  sur- 
viving at  96  months.   Six  patients  have  survived  eight  years  and  three 
patients  nine  years.   Myocardial  infarction  and  congestive  failure  were  the 
most  common  causes  of  death  following  mitral  valve  replacement  with 
8  (6.3%)  early  (   130  days)  and  14  (11.1%)  late  deaths.   Death  secondary 
to  prosthetic  valve  failure  was  seen  in  one  patient  and  prosthetic  valve 
infection  and  dysfunction  in  one  patient. 

Anticoagulants  were  not  routinely  used  postoperatively  and  in 
patients  receiving  isolated  mitral  valve  replacement  4.4  emboli/100 
patient  years  was  observed.   Anticoagulation  complications  are  thus  avoided 
which  may  occur  in  5%  of  patients  taking  Coumadin  per  year. 

Cardiac  catheterization  has  revealed  good  early  hydraulic  function 
of  the  Hancock  "SGP"  bioprostheses  in  the  atrioventricular  position.   Late 
hemodynamic  data  indicates  progressive  stenosis  in  7  of  18  patients  studied 
an  average  of  85  months  after  implant.   The  18  patients  represent  one- 
third  of  the  54  patients  at  risk.   A  patient  was  deemed  to  have  pros- 
thetic stenosis  if  their  mean  MVG  increased  5  mm.Hg  or  their  mean  MVA 
decreased  by  0.5  cm  compared  to  their  6  months  study.   Three  of  the  seven 
patients  have  been  reoperated  upon  and  the  remaining  four  are  being  followed. 
The  etiology  of  progressive  prosthetic  stenosis  has  been  collagen  degenera- 
tion and  calcification  in  two  patients  and  "stent  creep"  in  one.   Eighty- 
eight  patients  have  had  aortic  valve  replacement  with  the  standard  Hancock 
bioprosthesis  at  NIH.   A  peak  systolic  gradient  of  8.0  +  1  mm.  Hg  for 
sizes  21  through  27  has  been  found  in  our  aortic  series.   Isoproterenol 
infusion  in  15  patients  increased  the  resting  PSG  from  10  to  44  mm.Hg.   Satis- 
factory hydraulic  function  was  found  in  the  smaller  21-23  mm.  standard 
bioprostheses  contrary  to  current  opinion. 
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Valve  failures  have  occurred  in  nine  patients  (11  valves) ,  eight 
mitral,  two  tricuspid  and  one  aortic.   One  hundred  five  patients  have  been 
followed  more  than  4.5  years  which  represents  a  9 . 5%  late  failure  rate. 
Failures  have  occurred  in  the  atrioventricular  positions  56  to  108  months, 
an  average  of  77.8  months  after  implant.   The  aortic  prosthesis  failed 
11  months  after  implant  of  collagen  degeneration.   Four  of  the  eight 
mitral  bioprosthetic  failures  were  implanted  in  1970.   "Stent  creep"  was 
responsible  for  severe  prosthetic  stenosis  in  one  patient  and  contributed 
to  failure  in  two  other  patients.   The   thickness  and  composition  of  the 
stent  has  been  changed  since  1975  and  may  prevent  failure  secondary  to 
stent  migration.   Collagen  degeneration,  mineralization  and  thrombosis 
continue  to  be  the  primary  causes  of  bioprosthetic  failures.   The  mode 
of  failure  continues  to  be  gradual  with  no  catastrophic  failures  to  date. 
Eight  patients  have  been  reoperated  upon  for  failure  with  two  deaths, 
one  early  and  one  late.   The  ninth  patient  died  prior  to  operative  inter- 
vention. 

Seven  patients  in  our  series  have  had  documented  sepsis  with 
no  prosthetic  involvement  requiring  removal  of  the  prosthesis  or  recurrence 
of  infection  once  antibiotics  were  discontinued.   One  patient  developed 
three  episodes  of  endocarditis  after  triple  valve  replacement  with  Hancock 
"SGP"  bioprostheses;  all  three  valves  were  destroyed  when  examined  at 
necropsy  40  months  after  implantation.   No  postoperative  myobacterium 
chelonei  infections  have  occurred  in  our  series.   Hemolysis  has  not 
been  seen  following  atrioventricular  or  aortic  replacements  with  the 
Hancock  "SGP"  prosthesis. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  an  attempt  to  improve  the  accuracy  with  which  the  diagnosis  of  myocardial 
infarction  is  made  in  those  patients  undergoing  cardiac  surgical  procedures 
an  improved  method  for  analyzing  serum  samples  for  LDH  isoenzymes  was  used 
to  test  the  accuracy  of  the  reversal  of  the  LD-l/LD-2  ratio  in  serum  as 
index  of  MI  to  eliminate  the  problem  of  spurious  results  due  to  hemolysis 
associated  with  a  cardiopulmonary  bypass . 
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DESCRIPTION:   Forty  patients  undergoing  a  variety  of  cardiac  surgical 
procedures  were  studied  through  preoperative,  intraoperative  and  serial 
postoperative  serum  samples  and  electrocardiograms.   Detailed  analyses 
of  the  clinical  course  of  each  patient  was  made.    Using  the  same  serum 
samples,  values  for  CK,  CK-MB,  and  total  LD  were  also  generated  as 
adjunctive  data. 

Reversal  of  the  ratio  of  LD-l/LD-2  in  serum  samples  was  found  to  be  a  most 
accurate  index  of  perioperative  myocardial  infraction  in  patients  under- 
going myocardial  revascularization,  valve  replacement,  left  ventriculomyotomy 
and  myectomy  and  congenital  anomaly  repairs  when  an  atriotomy  alone  was 
the  route  of  repair.   No  conclusions  could  be  reached  about  the  accuracy  of 
the  reversal  of  the  ratio  in  those  patients  undergoing  correction  of 
congenital  defects  through  right  ventricular  incisions,  except  that  right 
ventriculotomy  alone  did  not  result  in  reversal  of  the  LD-l/LD-2  ratio. 

It  was  also  shown  that  hemolysis  due  to  cardiopulmonary  bypass  did  not 
result  in  reversal  of  the  ratio  as  has  been  previously  reported.   Analysis 
of  the  same  serum  samples  for  CK-MB  found  the  isoenzyme  to  appear  in  signifi- 
cant amounts  in  every  patient  following  cardiopulmonary  bypass.   This  renders 
CK-MB  ineffective  as  an  index  of  MI  in  this  group  of  patients.   It  had  been 
previously  thought  to  be  a  reasonable  indicator  of  MI  in  cardiac  surgery 
patients. 

The  use  of  the  isoenzymes  of  LDH,  particularly  the  reversal  of  the  ratio  of 
LD-l/LD-2  from  less  than  1.0  to  greater  than  1.0  has  been  shown  to  be  an 
accurate  index  of  myocardial  infarction  in  the  following  situations:   in  the 
coronary  care  unit,  in  patients  undergoing  general  surgical  procedures  and 
in  patients  undergoing  myocardial  revascularization.   Because  of  the 
uncertain  effect  that  operative  injury  to  the  myocardium  might  have   on 
serum  enzymes,  and  because  it  has  been  held  in  the  past  that  the  hemolysis 
associated  routinely  with  cardiopulmonary  bypass  might  in  and  of  itself 
result  in  reversal  of  the  LD-l/LD-2  ratio,  no  more  widespread  use  of  the 
test  had  been  attempted. 

In  this  study  of  40  patients  undergoing  various  cardiac  surgical  procedures, 
including  myocardial  revascularization,  valve  replacement,  left  ventriculo- 
myotomy and  myectomy  for  relief  of  obstruction  due  to  assymetric  septal 
hypertrophy,  and  procedures  for  the  correction  of  palliation  of  various 
congenital  anomalies,  the  LD  ratio  was  examined  anew  as  a  possible  index  of 
myocardial  infract.   Electrocardiograms  and  serum  samples  were  obtained 
less  than  24  hours  before  operation,  4  hours  and  24  hours  after  completion 
of  cardiopulmonary  bypass,  and  on  the  mornings  of  postoperative  days  2,  3, 
5,  7.   An  additional  serum  sample  was  collected  30  minutes  after  separation 
from  cardiopulmonary  bypass. 

Detailed  analysis  of  the  postoperative  course  was  carried  out  on  each  patient 
and  a  judgment  made  as  to  whether  there  was  any  hemodynamic  evidence  of 
infarct.   Consideration  was  given  to  a  number  of  patient  variables  as  well 
as  to  operative  findings,  operative  technique  and  postoperative  requirements 
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for  pharmacologic  circulatory  support.   Each  serum  sample  was  analyzed  for 
total  Lactate  Dehydrodgenase  and  Creatine  Kinase  as  well  as  LD  isoenzymes 
and  CK-MB.   A  numerical  value  for  the  LD-l/LD-2  ratio  in  each  sample  was 
assigned.   The  serial  electrocardiograms  were  all  reviewed  by  a  single 
cardiologist  who  had  no  knowledge  of  the  patients  or  their  postoperative 
courses,  but  was  advised  of  the  type  of  surgical  procedure  each  had  undergone. 

RESULTS:   It  was  concluded  on  the  basis  of  this  study  that  the  LD-l/LD-2 
ratio  reversal  was  an  accurate  index  of  myocardial  infarct  in  all  patients 
undergoing  cardiac  surgical  procedures  except  those  who  had  ventriculotomies 
as  a  part  of  a  repair  of  a  congenital  anomaly.   It  was  determined  in  that 
group  of  patients  that  a  ventriculotomy  incision  in  and  of  itself  did  not 
result  in  reversal  of  the  ratio.   It  was  further  shown  that  the  hemolysis 
associated  with  cardiopulmonary  bypass  did  not  result  in  false  positive 
results,  that  is  the  reversal  of  the  ratio  without  the  occurrence  of  infarct. 

The  results  of  the  study  also  indicate  that  all  those  patients  who  experienced 
reversal  of  the  ratio  exhibited  this  finding  in  that  sample  collected  24  hours 
after  cardiopulmonary  bypass.   On  the  basis  of  this  finding  it  is  concluded 
that  the  LD  ratio  reversal  is  not  only  accurate  as  an  index  of  MI  but  that  it 
can  be  routinely  employed  as  a  rapid  and  inexpensive  screening  test  in  all 
patients  undergoing  cardiac  surgical  procedures. 

The  adjunctive  data  produced  by  the  analysis  of  all  samples  for  total  LD, 
CK  and  CK-MB  indicated  that  in  contrast  to  previous  reports,  CK-MB  appeared 
in  the  serum  of  all  patients  undergoing  cardiac  surgical  procedures.   In 
light  of  this  finding,  we  conclude  that  the  appearance  of  CK-MB  is  not  a 
reliable  indicator  of  infarct  in  this  patient  population.   The  amount  of  CK- 
MB  detected  in  each  patient  was  well  above  the  level  at  which  artifact 
might  be  raised  as  a  possible  explanation. 

PROPOSED  COURSE:   The  manuscript  is  being  prepared  for  submission  for 
publication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  model  for  the  study  of  the  feasibility  of  nonoperative,  pharma- 
cologic manipulation  of  the  flow  in  a  systemic-to-pulmonary  shunt  is 
produced  by  constructing  a  right  subclavian-to-pulmonary  shunt  in  acutely 
prepared  canines.   The  appropriate  measurements  of  flows  and  pressures  are 
recorded  so  that  total  systemic,  and  pulmonary  resistances  might  be  calculated 
simultaneously  with  recorded  shunt  flows.   Such  baseline  data  are  recorded 
after  volume  infusion  has  been  employed  to  attain  slightly  elevated  filling 
pressures  in  the  heart.   Afterload  reduction  is  then  instituted  by  sodium 
nitroprusside  infusion  and  increased  incrementally  while  pressures  and  flows 
are  constantly  recorded,  until  the  increases  in  afterload  reduction  are 
continued  until  arterial  pressures  fall  below  acceptable  limits  or  until  signifi 
cant  reduction  in  shunt  flow  is  noted. 
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Description:   At  the  present,  the  management  of  severe  congestive 
heart  failure  in  patients  with  existent  systemic  pulmonary  shunts  is 
limited  to  digitalization,  diuresis,  and  operative  intervention  to 
modify  the  shunt.   Most  such  patients  are  already  digitalized  and  results 
of  diuresis  are  usually  less  than  hoped  for,  especially  since  such  volume 
loss  may  result  in  diminished  peripheral  perfusion.   Afterload  reduction 
has  been  shown  experimentally  to  cause  significant  decreases  in  intra- 
cardiac left  to  right  shunts  but  its  potential  in  reducing  flow  in  a 
systemic-pulmonary  shunt  has  not  been  explored. 

In  the  acute  setting,  foxhounds  undergo  median  sternotomy  and 
creation  of  systemic  (subclavian)  to  right  pulmonary  artery  shunt  with  an 
interposed  segment  of  synthetic  graft  material  for  ease  of  preparation. 
Flow  probes  are  then  placed  on  the  ascending  and  descending  aorta,  main  pul- 
monary artery,  and  on  the  remaining  portion  of  the  subclavian  artery  proximal 
to  the  interposed  synthetic  graft.   Material  pressure  monitoring  is  estab- 
lished for  the  PA,  RA,  LA,  LV,  proximal  (ascending)  aorta  and  the  distal 
thoracic  aorta.   Once  a  steady  state  has  been  established,  infusion  of  sodium 
nitroprusside  is  begun  at  1  mg/kg/min) ,  providing  the  left  atrial  mean 
pressure  is  8-10  mm.  Hg.   Should  it  be  less  than  that  value,  volume  infusion 
using  whole  blood  and  crystalloid  is  administeered.   The  nitroprusside 
infusion  is  continued  at  the  initial  level  for  10  minutes  during  which  con- 
tinuous recordings  are  made  of  the  above  listed  pressures  and  flows. 
If  no  significant  reduction  in  shunt  flow  or  arterial  pressure  is  seen,  the 
infusion  rate  is  increased  by  1  mg/kg/min  every  10  minutes  until  either 
a  25%  reduction  in  shunt  flow  is  noted,  arterial  mean  pressure  falls  to  or 
below  75%  baseline  or  until  an  infusion  rate  of  10  mg/kg/min  is  reached. 

Ten  animals  have  been  studied  in  the  manner  described  above.   It  was 
rarely  necessary  to  exceed  4-5  mcg/kg/min  to  obtain  a  resultant  20-25% 
reduction  in  systemic  to  pulmonary  shunt  flow.   Initial  review  of  the  data  indi- 
cate that  the  rise  in  cardiac  output  and  pulmonary  blood  flow  that  are  a 
consequence  of  the  afterload  reduction  may  equal  or  exceed  in  absolute 
numbers  the  reduction  in  shunt  flow.   Should  this  be  verified  by  final  analysis 
of  the  data,  then  any  improvement  in  gas  exchange  must  be  attributed  to 
reduction  in  pulmonary  vascular  resistance  and  pulmonary  vascular  volume 
due  to  the  known  effect  of  reducing  preload  associated  with  nitroprusside. 

Course:   Complete  analysis  of  data.   Should  the  findings  prove 
statistically  significant,  it  is  intended  to  proceed  with  preparation  of  a 
manuscript  written  with  a  main  premise  that  the  flow  across  a  systemic- 
to-pulmonary  shunt  is  not  a  central  problem  in  cyanosis  and  failure  unless 
that  shunt  is  of  an  overly  large  diameter,  in  which  case  reduction  of  shunt 
flow  may  be  an  added  benefit  of  the  use  of  nitroprusside  while  the  main 
benefits  would  still  be  redistribution  of  vascular  volume  and  reduction  in 

pulmonary  vascular  resistance. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

No  satisfactory  synthetic  substitute  is  available  for  human  vein  for  myo- 
cardial revascularization  procedures,  although  there  are  isolated  reports  of 
success  using  several  different  synthetic  arterial  prostheses.   A  new 
synthetic  material,  IMPRA  ,  an  expanded  polytetraf luorethylene  compound  has 
been  recently  modified  to  enhance  antithrombogenicity  by  impregnating 
the  inner  aspect  of  the  graft  with  particulate  graphite.   This  study  is 
designed  to  evaluate  this  new  material  as  a  possible  substitute  for  vein 
in  revascularization  of  myocardium.   Ten  adult  foxhounds  underwent  left  thora- 
cotomy and  cardiopulmonary  bypass,  with  subsequent  cardiac  arrest  sustained 
with  cold  crystalloid  potassium  cardioplegia.   A  short  segment  of  tapered 
graphite  impregnated  Impra  was  imposed  as  a  bypass  segment  to  the  LAD  coronary 
artery  distal  to  a  ligature  placed  to  occlude  that  vessel.   Six  dogs  survived 
and  underwent  catheterization  and  coronary  angiography  between  the  30th  and 
60th  postoperative  day.   All  grafts  were  occluded  and  in  no  animal  could  the 
native  vessel  be  visualized  by  retrograde  flow. 
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DESCRIPTION:   There  is  currently  no  acceptable  synthetic  substitute  for 
autogenous  vein  for  use  in  myocardial  revascularization,  or  as  a  replacement 
for  small  arteries  in  peripheral  vascular  surgery.   There  have  been  isolated 
reports  of  successful  revascularization  of  the  myocardium  using  both  woven 
dacron  prostheses  and  Gore-tex^,  an  expanded  polytetraf luorethylene  graft 
material  with  an  outer  cellophane  wrap.   A  relatively  new  PTFE  compound, 
IMPRA^  has  recently  been  produced  with  a  modification  that  is  intended  to 
enhance  the  antithrombogenicity  of  its  inner  surface.   The  material  is 
identical  to  that  available  for  clinical  use,  except  that  its  inner  surface 
is  impregnated  with  particulate  graphite.   This  study  was  designed  to  evaluate 
this  modified  graft  material  as  a  substitute  for  autogenous  vein  in  myocardial 
revascularization.   In  the  initial  phase  of  the  study,  ten  adult  foxhounds 
underwent  left  thoracotomy  and  cardiopulmonary  bypass  with  the  aid  of  a  roller 
pump  and  bubble  oxygenator.  After  aortic  cross-clamping,  cardiac  arrest  was 
sustained  with  cold  potassium  rich  crystalloid  cardioplegia.   The  left 
anterior  coronary  artery  was  dissected  out  near  its  origin  and  then  ligated 
at  its  origin.   Aorto-coronary  continuity  was  then  re-established  by  con- 
structing a  bypass  graft  from  the  ascending  aorta  to  the  LAD  using  a  10-12 
cm  segment  of  custom  designed  graphite  impregnated  IMPRA^  that  was  extruded 
so  as  to  taper  from  5  mm  I.D.  at  the  aortic  end  to  3  mm  I.D.  at  the  coronary 
end.   This  was  designed  to  minimize  graft  to  coronary  size  mismatch. 

Eight  dogs  survived  operation.   Six  survived  beyond  48  hours  and  all  of  these 
survived  until  studied  between  30  and  60  days  postop.   During  that  interval 
each  survivor  underwent  cardiac  catheterization  and  coronary  angiography.   In 
all  six,  the  graft  was  found  to  be  occluded,  and  in  no  case  could  the  native 
LAD  be  seen  to  fill  by  collateral  blood  flow.   It  was  concluded  that  the 
arterial  runoff  bed  of  the  canine  LAD  may  be  minimal  and  review  of  the 
operative  notes  indicate  the  largest  LAD  encountered  to  be  of  approximately 
1.5  mm  inside  diameter.   For  these  reasons  it  was  decided  to  repeat  the  study 
with  the  single  modification  of  constructing  the  distal  or  coronary  anastomosis 
to  circumflex  artery  rather  than  the  LAD  since  the  circumflex  is  routinely  of 
twice  the  diameter. 

In  the  second  group  of  ten  foxhounds,  nine  survived  the  initial  operative 
procedure.   The  intraoperative  death  was  due  to  infarct.   Of  the  remaining 
nine,  two  died,  both  observed  sudden  deaths  during  the  first  48  hours  after 
operation.   Autopsy  indicated  both  to  have  no  firm  occlusion  of  the  prosthetic 
grafts.   There  was,  however,  in  both  cases  a  pannus  of  red  cells,  platelets 
and  fibrin  of  approximately  1  mm  thickness  over  the  entire  inner  aspect  of 
the  graft.   This  no  doubt  led  to  critical  reduction  in  the  effective  lumen  at 
the  graft-coronary  anastamosis,  with  resultant  marked  decrease  in  blood  flow 
to  the  heart.   Although  no  evidence  of  MI  was  apparent  on  sectioning  of  the 
myocardium,  it  seems  apparent  that  that  reduction  in  blood  flow  led  to  either 
infarct  complicated  by  arrhythmia  and  sudden  death  or  there  may  have  been 
fatal  arrhythmias  as  a  result  of  ischemia  alone.   There  was  one  late  death 
at  three  weeks,  due  to  pneumonia. 

Six  attempts  were  made  to  construct  similar  bypasses  using  the  autogenous 
saphenous  vein  in  the  dog.   There  are  currently  two  survivors.   The  mode  of 
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death  in  three  of  the  four  nonsurvivors  was  observed  and  was  sudden,  much 
like  the  two  described  above.   There  were  several  differences,  however. 
Those  dogs  expiring  after  SVG  bypass  did  so  between  two  and  four  weeks  postop, 
rather  than  during  the  first  48  hours.   Further,  in  the  vein  graft  group, 
organized  thrombus  was  found  at  the  coronary  to  graft  anastamosis  in  each 
case. 

There  are  currently  six  surviving  dogs  with  synthetic  grafts  in  place  and 
two  dogs  with  vein  grafts.   They  have  been  awaiting  coronary  angiography 
for  periods  of  up  to  five  months.   This  has  not  been  carried  out  because 
contractors  have  failed  to  re-establish  operative  status  in  the  animal 
laboratory  catheterization  laboratory.   It  was  to  have  been  operational  in 
early  1980. 

PROPOSED  COURSE:   It  has  been  intended  that  the  animals  will  be  recalled  from 
the  Poolesville  facility  and  studied  as  soon  as  the  needed  facilities  are 
operational. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Despite  advances  in  intraaortic  balloon  pumping  and  emergency  myocardi;il 
revascularization,  salvage  of  ischemic  myocardium  has  been  limited  in  man  by 
the  lack  of  effective  collateral  circulation  into  an  area  of  acute  infarction. 
We  are  currently  carrying  out  experimental  trials  of  perfusing  ischemic  myo- 
cardium by  retrograde  diastolic  pulsation  of  oxygenated  blood  into  the 
coronary  veins  draining  an  area  of  ischemia  via  a  balloon  tipped  catheter 
that  can  be  introduced  transvenously .   Results  to  date  indicate  correction 
of  EKG  changes,  reversal  of  dyskinetic  areas  and  improvement  in  myocardial 
performance  in  acutely  ischemic  myocardium  following  institution  of  retro- 
perfusion. 


PHS-6040 
(Rev.  10-76) 


<?2^ 


ZOl  HL  02684-02  SU 

Description:   A  double  lumen  balloon-tipped  catheter  is  placed 
■ retrogradely  into  the  coronary  sinus  in  an  experimental  animal  and 
advanced  into  the  left  anterior  descending  coronary  vein  to  an  extent  that 
when  the  balloon  is  partially  inflated  the  lumen  is  obstructed,  but 
unobstructed  to  normal  systolic  venous  flow  when  deflated. 

This  catheter  is  connected  to  an  oxygenated  blood  source,  the 
brachial  artery,  through  a  synchronized  20  cc.  pulsatile  assist  device 
which  is  driven  by  a  standard  electrocardiogram-actuated  intraaortic 
balloon  counterpulsation  pump.   After  creating  an  area  of  ischemic  myo- 
cardium by  LAD  ligation,  and  recording  myocardial  dynamics  with  flow 
transducers  and  intramyocardial  ultrasonography,  the  coronary  vein  per- 
fusion pump  is  actuated.   Oxygenated  blood  is  injected  retrograde  into 
the  coronary  vein  in  diastole  via  the  balloon  catheter,  whose  balloon 
simultaneously  fills  and  obstructs  venous  drainage  during  the  injection. 
The  pump  is  then  deactivated  during  systole.   The  balloon  deflates,  and 
blood  drains  from  the  coronary  vein  into  the  right  atrium  in  the  normal 
fashion.   Myocardial  dynamics  are  reassessed  during  this  procedure. 

We  designed  and  experimentally  evaluated  a  transvenously  intro- 
duced double-lumen  balloon  tipped  catheter  and  ECG-activated  pumping 
system  for  perfusing  ischemic  myocardium  by  retrograde  pulsation  of 
oxygenated  blood  into  the  coronary  veins  during  diastole.   Balloon  defla- 
tion during  systole  allowed  normal  venous  drainage.   Sixteen  dogs  were 
instrumented  with  sonomicrometry  crystals  and  catheters  to  measure  regional 
and  global  left  ventricular  (LV)  function.   The  left  anterior  descending 
coronary  artery  (LAD)  was  occluded  for  40  minutes.   Following  10  minutes 
of  ischemia,  the  affected  LV  regions  were  dilated  and  dyskinetic.   Coronary 
vein  retroperfusion  (CVRP)  was  instituted  for  30  minutes  in  8  dogs  (con- 
trols) were  not  perfused.   CVRP  restored  37%  of  LV  systolic  shortening 
(1.5  mm.  vs  0.6  mm)*;  controls  had  no  systolic  shortening.   Regional  LV 
dilation  of  2.2  mm.  was  reduced  to  1.5  mm.  by  CVRP;  controls  expanded  to 
3.1  mm.*   Endocardial  ST  segments  returned  to  normal  with  CVRP,  but 
elevated  19  mm.  in  controls*.   Cardiac  output  rose  to  baseline  levels 
with  CVRP  but  remained  1.5  L/min  depressed  in  controls*.   Three  of  8 
controls  died.   Four  of  5  remaining  dogs  died  from  LV  fibrillation  after 
LAD  release;  all  CVRP  dogs  recovered.   CVRP  offers  a  transvenous  approach 
for  assisting  and  perfusing  failing,  ischemic  myocardium.   *   (p^O.OOl) 

Results  of  project:  Abstract  was  submitted  for  presentation  at  the 
American  Heart  Association  Scientific  Sessions,  November,  1980.  Acceptance 
is  pending. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Endothelial  changes  in  saphenous  veins  harvested  for  coronary  artery  bypass 
grafts  were  found  when  veins  prepared  in  this  manner  were  examined  using  the 
scanning  and  transmission  electron  microscopes.   Using  current  distention 
pressures  and  preservation  techniques,  severe  endothelial  disruption  was 
found.   We  compared  the  endothelial  changes  caused  by  a  variety  of  currently 
employed  vein  handling  techniques  to  determine  the  best  method  to  protect 
venous  endothelium  during  the  bypass  procedure. 
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DESCRIPTION:   The  saphenous  vein  has  become  the  conduit  of  choice  in  coronary 
artery  revascularization  procedures.   Despite  its  popularity  and  usefulness, 
clinical  and  pathological  studies  indicate  that  these  vein  grafts  are  subject 
to  early  closure  and  mild  to  severe  intimal  hyperplasia  or  artherosclerosis. 
Experimental  models  have  demonstrated  that  endothelial  damage  or  disruption 
can  predispose  to  these  conditions.   To  evaluate  the  endothelium  of  saphenous 
veins  prepared  in  the  usual  manner  at  this  institute  and  others,  a  portion 
of  the  harvested  vein  taken  for  coronary  artery  bypass  grafts  in  patients 
was  immediately  fixed  in  a  distended  condition  at  mean  arterial  pressure  for 
electron  microscopy.   These  veins  were  compared  to  veins  which  were 
distended  and  fixed  at  venous  pressure  alone. 

Endothelial  damage  occurring  during  preparation  of  saphenous  vein  grafts  is  an 
important  cause  of  early  and  late  graft  failure.   To  determine  optimal  pre- 
paration techniques  for  human  saphenous  veins  (SV)  we  made  a  scanning  electron 
microscopic  comparison  of  the  effects  of  handling  techniques,  immersion  media 
and  distension  pressures  on  human  SV  morphology.   Segments  of  SV  from  30 
patients  were  divided  into  7  groups  of  5  veins  each.   Group  1  was  immediately 
distended  and  fixed  with  glutaraldehyde  at  100  mm  Hg.   Groups  2  and  3  were 
immersed  in  normal  saline  for  one  hour  at  4°C  and  28°C,  respectively,  and  then 
distended  to  100  mm  Hg  with  saline.   Groups  4  and  5  were  immersed  in  blood 
for  one  hour  at  4°C  and  28°C,  respectively,  followed  by  distension  to  100  mm 
Hg  with  blood.   Groups  6  and  7  were  immediately  distended  with  saline  (group 
6)  or  blood  (group  7)  to  300  mm  Hg.   One  SV  from  each  group  was  grasped  with 
a  vascular  clamp;  one  SV  in  each  group  also  contained  a  side  branch  which  had 
been  ligated.   All  groups  were  fixed  by  perfusion  with  glutaraldehyde  at  100 
mm  Hg  to  simulate  arterial  pressure  and  examined  with  a  scanning  electron 
microscope.   SV  immersed  in  warm  saline  sustained  massive  endothelial  cell 
loss,  while  SV  immersed  in  warm  blood  showed  only  moderate  damage.   Cold  blood 
and  cold  saline  immersion  fully  preserved  endothelium;  however,  saline 
immersion  produced  mural  edema.   Distension  to  300  mm  Hg  with  saline  produced 
severe  endothelial  damage  and  edema,  an  effect  lessened  by  blood  distension. 
Vascular  clamping  destroyed  endothelium  and  fractured  the  intima.   Marked 
luminal  stenoses  were  caused  by  4  of  7  side  branch  ties  that  appeared  normal 
externally.   We  conclude  that  human  SV  are  best  preserved  by  a  "no-touch" 
harvesting  technique,  minimizing  manipulation,  placement  of  side  branch  ties 
away  from  the  SV  wall,  immersion  in  cold  blood,  and  avoidance  of  distension 
above  100  mm  Hg. 

RESULTS:   The  project  has  culminated  in  the  presentation  of  two  papers  on  the 
preservation  of  human  saphenous  veins  and  their  publication. 

Gundry,  S.R.,  Ishihara,  T. ,  Jones,  M.  and  Ferrans,  V.:   Intraoperative  trauma 
to  human  saphenous  veins:  Comparison  by  scanning  electron  microscopy.   ANN. 
Thorac.  Surg.  30:40-47,  1980. 

Gundry,  S.  R. ,  Jones,  M. ,  Ishihara,  T. ,  and  Ferrans,  V.  J.:   Optimal  preparation 
of  human  saphenous  vein  grafts.   Presented  at  Society  for  Vascular  Surgery, 
Chicago,  111.  June  26,  1980.   In  Press.   Surgery. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Surgical  repair  of  intracardiac  defects  with  pulmonary  hypertension  is  still 
associated  with  a  20  to  30  percent  mortality,  often  secondary  to  right  ventricular 
dilatation  and  failure.   Unloading  of  the  right  ventricle  may  be  accomplished 
by  venous  unloading  only  at  the  expense  of  left  ventricular  output.   Therefore, 
we  are  evaluatingfunidirectional  intra-atrial  flap  valve  that  allows  right-to- 
left  shunts  when  right  ventricular  filling  pressures  are  elevated,  thus 
decompressing  the  right  ventricle  while  maintaining  or  improving  left  ventricular 
output . 
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DESCRIPTION:   Experimental  animals  are  given  a  pressure  load  to  the  right 
ventricle  by  means  of  an  adjustable  band  around  the  pulmonary  artery  and 
physiologic  parameters  are  measured  over  a  variety  of  resistances  to  right 
ventricular  outflow.   Using  extracorporeal  circulation,  a  unidirectional  flap 
valve  of  dacron  reinforced  Lycra  is  implanted  in  the  atrial  septum  which 
allows  a  right-to-left  shunt  only  when  right  atrial  pressures  exceed  left 
atrial  pressures.   Under  normal  conditions,  the  valve  remains  closed,  but 
during  increasing  right  ventricular  dilatation  and  obstruction,  right  atrial 
pressure  exceeds  left  atrial  pressure  and  shunts  blood  right-to-left,  thus 
acting  as  a  "pop-off  valve."   In  initial  design  studies,  right-to-left 
shunting  occurred  when  right  ventricular  pressures  in  dogs  exceeded  50  mm.  Hg, 
and  arterial  hypoxemia  was  within  tolerable  limits.   Cardiac  output  in  these 
dogs  was  maintained  and  right  ventricular  dilatation  did  not  result.   Similar 
pressures  in  control  animals  caused  right  ventricular  dilatation  and 
numerous  arrhythmias. 

Right  ventricular  (RV)  failure  occurs  following  repair  of  congenital  heart 
defects  with  associated  pulmonary  or  RV  hypertension.   To  alleviate  this 
failure,  we  experimentally  evaluated  the  effects  of  a  prosthetic  patent 
foramen  ovale  implanted  in  the  atrial  septum  of  21  dogs.   The  valve  had  a 
6  mm  orifice  and  a  flap  on  the  left  atrial  side  which  allowed  only  a  right-to 
left  shunt.   In  8  dogs  studied  acutely,  the  valve  contained  a  balloon 
mechanism  to  occlude  its  lumen  intermittently.   In  40  trials  in  these  dogs, 
production  of  RV  hypertension  by  pulmonary  artery  banding  with  the  valve 
occluded  reduced  aortic  (105  to  52  mm  Hg)  and  left  atrial  (8.4  to  4.4  mm  Hg) 
pressures  and  increased  RV  end-diastolic  (6.5  to  10.2  mm  Hg)  and  right  atrial 
(7.6  to  14  mm  Hg)  pressures  (p-<  0.001).   Opening  the  foramen   ovale  valve 
returned  all  pressures  to  control  (p^- 0.005)  while  maintaining  peak  RV 
pressures.   Right-to-left  shunt  fractions  were  0.25+0.13.   All  eight  dogs 
studied  acutely  died  when  their  valves  were  permanently  occluded.   There  were 
no  deaths  amont  13  dogs  with  initially  patent  valves  followed  by 
catheterizations  up  to  4  months  later.   Valves  closed  after  2.4+1  weeks. 
Valve  closure  after  5  days  (11  dogs)  was  not  associated  with  RV  failure.   A 
prosthetic  patent  foramen  ovale  will  prevent  RV  decompensation  in  acute  and 
subacute  RV  hypertension. 

PROPOSED  COURSE:   The  past  year  and  one-half  has  been  spent  in  design  and 
fabrication  of  an  anti-thrombogenic  valve  which  can  be  implantable  but  which 
can  become  tissue  covered  with  time.   After  encouraging  initial  testing,  we 
tested  the  valve  in  acute  studies  to  determine  its  potential  for  development. 
This  was  followed  by  chronic  implantation  experiments.   The  results  of  these 
experiments  have  been  submitted  to  the  American  Heart  Association  for 
presentation  at  the  annual  meeting  in  November  1980. 


93/ 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE! 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl    HL   02696-01    SU 


PERIOD   COVERED 


October   1,    1979   through  September   30,    1980 


TITLE  OF   PROJECT   (80  characters   or  less) 
Morphometric   analyses  of  myocardial   hypertrophy    (compensated  and  decompensated) 
utilizing   computer-assisted  microdensitometric   techniques. 


NAMES,    LABORATORY   AND    INSTITUTE  AFFILIATIONS,    AND   TITLES  OF    PRINCIPAL    INVESTIGATORS  AND   ALL  OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON   THE  PROJECT 

PI:  Michael   Jones,    M.D.    Senior   Surgeon   &   Investigator,    Clinic  of   Surgery, 

Joseph  B.    Zwischenberger,    M.D. ,    Clinical  Associate,    Clinic   of   Surgery, 

NHLBI 

OTHER:   James  M.  DeLeo,  Computer  Systems  Analyst,  CSL,  DCRT 

Victor  J.  Ferrans,  M.D.,  PhD.,  Chief  Ultrastructural  Sec,  Pathology  Br. 
William  C.  Roberts,  M.D.,  Chief,  Pathology  Branch,  NHLBI 


COOPERATING  UNITS  (if  any) 
Division  of  Computer  Research  Technology  &  Pathology  Branch 


lab/branch 
Clinic  of  Surgery 


SECTION 


INSTITUTE  AND  LOCATION 
National  Heart,    Lung   &  Blood   Institute 


TOTAL  MANYEARS: 
2 


PROFESSIONAL: 


1-1/2 


OTHER: 


1/2 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)      HUMAN   SUBJECTS 

n  (al)   MINORS      n  {a2)    INTERVIEWS 


3E?(b)    HUMAN   TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  been  developing  computer-assisted  interactive  techniques  using  micro- 
densitometry  and  surface  display  facilities  to  perform  micromorphometric 
analyses  of  hypertrophied  myocardium  from  humans  and  from  experimental  animal 
preparations.   Our  techniques  have  the  ability  to  analyze  approximately 
202,500  samples  (pixels)  from  a  photomicrograph  of  a  tissue  specimen.   The  size 
of  the  sample  is  determined  by  the  magnification  of  the  photomicrograph. 
Depending  upon  the  information  required,  magnifications  vary  from  10  to  860  X, 
so  that  resolutions  may  be  varied  from  5  to  0.5  millimicrons.   Techniques 
developed  thus  far  allow  the  ability  to  determine  percent  fibrosis,  percent 
interstitium,  cardiac  muscle  cells  diameter  and  shape ,  uniformity  of  cell  shape 
and  size,  and  ratios  of  cardiac  muscle  area  to  numbers  of  nuclei  and  to  numbers 
of  capillaries. 
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DESCRIPTION:   Myocardial  tissues  which  we  have  obtained  for  investigation 
include  the  following:   1)   human  cardiac  muscle  from  patients  operated  upon 
because  of  right  ventricular  outflow  tract  obstruction,  2)  human  cardiac 
muscle  obtained  at  operation  for  obstructive  hypertrophic  cardiomyopathy,  3) 
left  ventricular  myocardium  from  Newfoundland  dogs  with  naturally  occur ing, 
genetically  transmitted,  subaortic  stenosis,  4)  hypertrophied  right  ventricular 
myocardixim  from  swine  having  had  pulmonary  artery  constrictions,  and  5) 
left  and  right  ventricular  myocardium  for  which  the  stimulus  for  hypertrophy 
has  been  produced  in  utero  in  fetal  lambs. 

The  computer  programs  and  packages  have  been  developed  for  the  micromorpho- 
metric  determinations  of  cardiac  muscle  cell  diameters  and  shape,  uniformity 
of  cell  shape  and  size,  percentage  of  interstitium,  and  ratios  of  cardiac 
muscle  cell  area  to  numbers  of  nuclei  and  to  numbers  of  capillaries.   This 
portion  of  our  investigations  has  been  initiated  upon  animal  tissues.   The 
computer  programs  for  percentage  fibrosis  in  the  hypertrophied  myocardium 
near  completion  at  the  present  time  and  pilot  studies  have  been  initiated. 

PROPOSED  COURSE:   All  of  the  above  described  tissues  will  be  analyzed  by  the 

developed  computer-assisted,  interactive,  micromorphometric  techniques. 

We  anticipate  extending  these  techniques  to  three  dimensional  image  analysis 

of  normal  and  abnormal  cardiac  muscle  cells.   This  investigation  will 

involve  reconstruction  of  cardiac  muscle  cells  from  thin  (one  millimicrometer) 

thick  serial  sections  of  human  and  animal  cardiac  muscle  cells.   We  also  plan 

to  evaluate  isolated  cardiac  muscle  cells  by  similar  computer-assisted 

techniques. 

The  data  obtained  from  the  micromorphometric  analyses  will  be  integrated  with 
studies  of  clinical  evaluations  and  with  studies  of  ventricular  function. 
Thus  we  will  continue  to  investigate  the  interrelationships  of  myocardial 
morphology  with  compensated  and  decompensated  myocardial  hypertrophy. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  been  characterizing  the  morphologic  and  the  hemodynamic  abnormalities 
occurring  in  Newfoundland  dogs  with  genetically  transmitted  subaortic  stenosis. 
Of  122  animals  studied  thus  far  almost  one-half  have  hemodynamic  and/or 
morphologic  evidence  for  left  ventricular  outflow  tract  obstruction.   The 
obstruction  is  absent  at  birth,  appearing  after  one  month  of  age.   The  lesion 
presents  clinically  by  the  presence  of  a  precordial  murmur,  thrill,  arrhythmia, 
congestive  heart  failure,  bacterial  endocarditis  of  the  aortic  valve ,  and  sudden 
death.  Obstruction  to  left  ventricular  outflow  is  caused  by  the  development 
of  a  circumferential,  subaortic  fibromuscular  ring  continuous  with  the  anterior 
leaflet  of  the  mitral  valve,  virtually  identical  to  the  same  lesion  in  humans. 
The  obstruction  is  associated  with  left  ventricular  hypertrophy,  intramural 
coronary  artery  lesions,  myocardial  fibrosis,  and  abnormalities  of  myocardial 
blood  flow. 
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DESCRIPTION:   Of  the  122  Newfoundland  dogs  studied  at  the  present  time,  60 
have  had  hemodynamic  and/or  morphologic  evidence  of  subaortic  stenosis.   The 
percentages  of  animals  with  obstruction  increased  with  the  ages  of  the  animals. 
None  of  21  newborns  had  obstruction;  one  of  five  less  than  one  month  old  had 
obstruction;  15  of  20  aged  two  to  twelve  months  had  obstruction;  and  44  of 
76  between  the  ages  of  one  and  seven  years  had  obstruction. 

The  left  ventricular  outflow  tract  obstruction  varied  from  a  discrete  fibro- 
muscular  subaortic  ring  to  a  tunnel  type  of  left  ventricular  outflow  tract. 
The  left  ventricular  outflow  tract  gradients  varied  from  5  to  95  mm  Hg.   There 
was  a  linear  correlation  of  left  ventricular  outflow  tract  gradient  with  left 
ventricular  mass.   All  animals  with  gradients  greater  than  25  mm  Hg  had 
distinctly  abnormal  left  ventricular  to  body  weight  ratios. 

In  those  animals  with  obstruction,  the  subaortic  ring  extended  down  from  the 
aortic  annulus  and  was  continuous  with  the  anterior  leaflet  of  the  mitral 
valve,  similar  to  the  lesion  of  discrete  subaortic  stenosis  in  humans.   His- 
tologically, the  subaortic  stenosing  ring  consisted  of  fibroblasts,  myofibro- 
blasts, mature  smooth  muscle  cells,  cells  resembling  chondrocytes,  interstitial 
ground  substance,  collagen,  and  small  amounts  of  elastin. 

Sixteen  animals  suffered  sudden  death.   Four  were  due  to  bacterial  endo- 
carditis of  the  aortic  valve.   Twelve,  unexplained,  are  presumed  to  be  due  to 
arrhythmias.   Two  of  these  deaths  occurred  during  exercise.  The  youngest  dog 
suffering  sudden  death,  without  having  had  endocarditis,  was  four  months  old. 

Fibromuscular  intimal  proliferative  lesions  were  present  in  the  intramural 
coronary  arteries  of  many  animals.   The  extramural  coronary  arteries  were 
unaffected.   The  intramural  coronary  artery  lesions  were  studied  in  detail  in 
18  dogs.   These  coronary  artery  lesions  were  associated  with  left  ventricular 
outflow  tract  obstruction,  increased  left  ventricular  mass,  myocardial 
interstitial  fibrosis,  and  alterations  of  myocardial  blood  flow. 

Myocardial  blood  flow  was  studied  using  radioactively  labelled  microspheres 
in  12  dogs  with  obstruction  and  left  ventricular  hypertrophy  and  in  12  dogs 
without.   These  studies  were  performed  under  resting  and  stressed  conditions. 
The  stressed  conditions  consisted  of  tachycardia,  increased  afterload,  and 
decreased  diastolic  pressure.   Evaluation,  using  cluster  analysis  techniques, 
of  the  stressed  produced  alterations  of  myocardial  blood  flow  indicated  that 
there  was  a  170%  greater  decrease  in  endocardial  to  epicardial  flow  ratios 
with  stress  for  the  dogs  with  hypertrophy  and  obstruction  as  compared  to  those 
without  obstruction. 

PROPOSED  COURSE:   A  manuscript  is  in  preparation  about  the  regional  myocardial 
blood  flow  in  left  ventricular  hypertrophy.   Another  manuscript  is  in  prepara- 
tion regarding  the  interrelationships  of  abnormalities  of  myocardial  blood 
flow  with  intramural  coronary  artery  lesions,  myocardial  hypertrophy,  and 
interstitial  fibrosis.   Further  studies  are  planned  using  computer-assisted 
micromorphometric  techniques  to  quantitate  the  aspects  of  hypertrophy  and  of 
interstitial  fibrosis  in  these  animals.  Studies  are  also  underway  to  investigate 
mechanisms  of  the  early  development  of  the  obstructing  subaortic  ring. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cardiac  surgery  in  infants  and  children  has  progressed  so  that  most  lesions 
may  be  corrected  early  in  life.   In  theory  and  in  practice  the  postoperative 
management  of  infants  and  children  is  similar  to  that  of  adult  patients. 
Nevertheless,  the  potential  for  growth,  the  particular  and  often  immature 
metabolic  processes,  and  the  cardiovascular  physiology  of  congenital  mal- 
formations demand  special  postoperative  considerations.   From  our  experiences 
in  the  Hospital  for  Sick  Children,  London,  England  and  in  the  Clinic  of  Surgery 
of  the  NHLBI ,  we  have  developed  guidelines  for  postoperative  management  to 
assist  nurses  and  clinical  associates  with  care  of  young  patients  after  cardiac 
operations. 
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DESCRIPTION:   The  special  problems  of  postoperative  cardiac  care  in  infants 
and  children  have  been  divided  into  the  following  categories:   1)  preoperative 
considerations;   2)  choice  of  operative  procedure;  3)  initial  postoperative 
assessment;  4)  basic  procedures;  5)  cardiovascular  problems,  including  heart 
rate,  preload,  afterload,  contractility,  subacute  and  chronic  heart  failure, 
and  rhythm  disturbances;  6)  respiratory  problems,  including  care  of  infants 
and  children  on  ventilators,  weaning  from  ventilatory  support,  and  problems 
of  phrenic  nerve  paralysis;  7)  cardiopulmonary  resuscitation;  8)  fluid, 
electrolyte,  and  other  metabolic  problems;  9)  nutrition;  10)  body  temperature 
regulation;  11)  renal  problems,  including  peritoneal  dialysis;  12)  hematologi- 
cal problems;  13)  jaundice;  14)  infection;  15)  neurological  problems;  16) 
medication  dosages;  17)  prognoses  without  and  following  operation;  and, 
18)  parental  counseling. 

From  the  above  delineated  considerations  we  have  developed  postoperative 
management  guidelines,  particularly  directed  toward  the  initiate  and 
limitedly  experienced  nurse  and  clinical  associate  assisting  with  the  post- 
operative care  of  pediatric  cardiac  surgical  patients. 

PROPOSED  COURSE:  The  postoperative  management  protocols  for  our  unit  are  in 
the  process  of  being  refined.  A  publication  specifically  concentrating  upon 
nursing  considerations  is  in  preparation. 


Jones,  M. ,  Stark  J.:  Special  problems  of  postoperative  care  in  infancy  and 
childhood.  In:  Postoperative  Cardiac  Care.  (Brainbridge  MV,  Ed) ,  C.  V. 
Mosby,  St.  Louis  (IN  PRESS) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  evaluated  the  late  clinical  status  of  34  patients  undergoing  operation  for 
discrete  subaortic  stenosis.   Followup  ranged  from  1  to  245  years  with  a  mean  of 
13./  years;  3  of  the  34  patients  could  not  be  located  at  the  time  of  this  evalu- 
ation.  The  average  age  at  the  time  of  operation  was  16.8  years  of  age  (range  5 
to  55).   There  were  4  operative  deaths  (10.5%)  during  our  early  experience.   The 
average  preoperative  peak,  systolic  gradient  was  98.5  mm  Hg.  Postoperative  cathe- 
ter izatiorriJas~"perForme3~TF~iIT~paTreivFs~FFo(ii  2  to  168  months  following  operation 
Postoperative  gradients  ranged  from  0  to  200  ram  Hg  (mean  35  mm  Hg).  Seven  patient^ 
had  postoperative  gradients  greater  than  50  mm  Hg,  ranging  from  58  to  200  (mean 
103  ram  Hg);  5  of  these  7  patients  had  the  tunnel  variety  of  subaortic  stenosis  at 
the  time  of  operation.  Five  of  the  31  patients  available  for  late  clinical  evalu- 
ation died  (13.8%);  four  of  these  deaths  were  sudden.  Nineteen  patients  had  aortich 


regurgitation  preoperatively  (61.3%);  aortic  regurgitation  was  present  in  21  pa- 
tients  (67.7%)  examined  within  6  months  after  operation.   Actuarial  survival  at 
10  years  is  87%,  and  at  24  years  is  81%. 

We  conclude  that  the  resection  of  the  subaortic  membrane  in  this  disease 
effectively  removes  left  ventricular  outflow  tract  obstruction.   However,  because 
of  the  striking  association  of  aortic  regurgitation  and  this  disease,  patients 
should  continue  to  be  followed  on  a  long-term  basis.  «?':?? 
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DESCRIPTION:   A  chart  review  was  performed  to  collect  preoperative,  operative, 
and  postoperative  data  base  on  38  patients  having  undergone  operation  for  dis- 
crete subaortic  stenosis.   Patients  have  been  and  are  currently  being  seen  in 
the  Cardiac  Surgery  Clinic  to  assess  late  clinical  status  of  all  patients. 
Chest  3C-rays ,  electrocardiograms,  and  echocardiograms  are  being  performed  on 
all  patients  to  more  objectively  evaluate  late  results. 

RESULTS:   Examination  of  the  data  collected  on  these  patients  emphasizes  sev- 
eral important  features  of  this  disease.   Most  patients  who  undergo  operation 
for  subaortic  stenosis  and  who  are  found  to  have  the  typical  crescent  shaped 
membrane  can  be  expected  to  do  well  following  operation.   There  should  be  no 
significant  residual  gradient.   However,  if  at  the  time  of  operation  patients 
are  found  to  have  the  tunnel  variety  of  subaortic  stenosis,  the  chance  of 
abolishing  their  gradient  is  much  less.   In  our  study  almost  all  patients 
having  significant  gradients  postoperatively  had  tunnel  subaortic  stenosis. 

A  second  salient  feature  of  this  disease  is  the  strong  association  with 
aortic  regurgitation.  Resection  of  the  membrane  did  not  improve  the  competence 
of  the  aortic  valve.  There  was  only  one  patient  in  whom  aortic  regurgitation 
disappeared  in  the  postoperative  period.   The  presence  of  aortic  regurgitation 
in  discrete  subaortic  stenosis  has  been  well  recognized  previously;  the  damage 
to  the  aortic  valve  appears  to  occur  because  of  the  constant  jet  effect  of 
blood  from  the  subaortic  membrane.   It  Is  interesting  to  note  that  only  one 
patient  in  our  series  has  required  aortic  valve  replacement  for  aortic 
regurgitation. 

In  conclusion,  discrete  subaortic  stenosis  is  a  type  of  left  ventricular 
outflow  tract  obstruction  amenable  to  operative  relief.   Patients  found  to 
have  a  discrete  subaortic  membrane  at  the  time  of  operation  should  be  expected 
to  have  no  obstruction  following  resection  and  a  good  long-term  result.   Be- 
cause of  the  association  of  aortic  regurgitation  with  this  disease  even  in  the 
postoperative  period,  all  patients  should  be  followed  on  a  regular  basis  with 
serial  assessment  of  degree  of  aortic  valve  incompetence,  deterioration  of 
functional  status,  and  ventricular  function. 

PROPOSED  COURSE:    Following  accumulation  and  examination  of  data  presently 
being  collected  to  evaluate  the  late  clinical  status  of  these  patients,  this 
paper  will  be  submitted  for  presentation  to  the  American  College  of  Cardiology, 
San  Francisco,  California,  March  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Valvular  heart  disease,  either  of  congenital  or  acquired  origin, 
may  be  sufficiently  severe  to  require  surgical  intervention.   With  an 
increase  in  understanding  of  valvular  disease,  there  has  been  a  decrease 
in  morbidity  and  mortality  for  patients  requiring  valve  replacement. 
However,  as  long-term  survival  has  increased,  problems  related  to 
artificial  valve  thromboembolism,  anticoagulation,  valve  induced 
hemolysis,  and,  more  recently,  f ibrocalcif ic  changes  in  bioprosthetic 
valves  have  become  apparent. 
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Description;   Recent  electron  microscopic  studies  of  implanted 
valves  have  shown  changes  in  leaflet  structure,  (1,  2).   Duration 
of  implantation  seems  to  correlate  with  severity  of  alteration  in 
ultrastructure. 

Because  of  the  present  popularity  of  bioprosthetic  valves  and 
the  increasing  reports  of  valve  failure  due  to  f ibrocalcif ic  changes, 
we  initiated  this  study  to  better  define  the  process  leading  to  calcifi- 
cation, 

Twenty  young  male  rams  have  undergone  tricuspid  valve  replacement 
in  the  NHLBI  animal  research  laboratory.   In  ten  animals  we  implanted 
#21  lonesdu-Shiley  Bovine  Pericardial  Xenograft  Bioprostheses,  and  in 
the  remainder  we  Implanted  #21  Hancock  Porcine  Bioprostheses.   Each 
animal  underwent  right  heart  catheterization  to  assess  the  valve 
gradient  Immediately  following  valve  implantation. 

Proposed  Course;   Animals  within  each  valve  population  will  be 
divided  into  three  groups  and  ergo  catheterization  at  2,  4,  and  6  months. 
Following  catheterization,  each  valve  will  be  removed  to  undergo 
histopathologic  and  ultrastructural  examination.   Each  valve  will  be 
analyzed  both  qualitatively  and  quantitatively  for  calcium  deposition. 
With  this  study  the  sequence  of  events  in  bioprosthetic  valve  alterations 
which  ultimately  leads  to  chemical  dysfunction  will  be  more  readily 
defined. 


1.  Ferrans,  V.  J.,  Spray,  T.  L.  ,  Bllllngham,  M.E.,  and  Roberts,  W.  C: 
Structural  changes  In  glutaraldehyde-treated  porcine  heterografts  used  as 
substitute  cardiac  valves.   Am.  J.  Cardiol.  41:  1159-1184,  1978. 

2,  Ferrans,  V.  J.,  Boyce,  S.  W. ,  Bllllngham,  M.E.,  Jones,  M. ,  Ishlhara,  T., 
and  Roberts,  W.  C:   Calcific  deposits  in  porcine  bioprostheses:   Structure 
ahd  pathogenesis.   Publication  pending. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  study  was  to  test  the  hypothesis  that  expired  carbon 
dioxide  from  each  lung  accurately  reflects  the  blood  flow  to  that  lung.   To  do 
this,  an  experimental  model  was  created  whereby  pulmonary  blood  flow  could  be 
determined  directly  using  electromagnetic  blood  flow  determinations  for  the 
right  and  left  pulmonary  arteries  individually.   Simultaneous  determinations  of 
the  expired  CO2  from  each  lung  were  made  using  a  double  lumen  endotracheal 
tube  which  permitted  separate  but  simultaneous  ventilation  of  each  lung.   The 
expired  gases  were  analyzed  continuously  from  a  sampling  port  in  each  lumen  to  a 
Chemetron  Mass  Spec  II  spectrophotometer. 
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DESCRIPTION;    It  has  been  felt  for  some  time  that  the  expired  CO2  content  in 
the  gaseous  mixture  expired  from  each  lung  is  a  reflection  of  the  blood  flow  to 
that  lung.   This  hypothesis  has  been  tested  by  several  indirect  methods,  in- 
cluding measurement  of  expired  carbon  dioxide  and  simultaneous  measurement  of 
expired  labeled  Xenon  following  injection  of  the  Xenon  into  a  femoral  vein. 

In  order  to  further  examine  this  hypothesis,  a  model  was  designed  to  permit 
direct  and  continuous  mesurement  of  the  blood  flow  to  the  right  and  left  lungs 
in  such  a  manner  that  these  flows  could  be  instantaneously  compared  with  con- 
tinuous on-line  determinations  of  the  expired  CO2  from  each  lung. 

An  adult  male  foxhound  was  anesthetized  using  pentobarbital.   After  EKG 
monitoring  and  arterial  pressure  monitoring  were  established,  the  animal 
underwent  median  sternotomy  with  preservation  of  the  mediastinal  ligaments  so 
as  to  provide  structural  support  to  maintain  the  heart  in  position  and  prevent 
torsion  about  the  great  vessels.  The  pericardium  was  opened  ventrally  to  allow 
for  additional  cradle  like  support.   The  right  and  left  pulmonary  arteries  were 
then  dissected  out  and  carefully  stripped  of  excess  adventitia.  Electromagnetic 
perivascular  flow  probes  were  jiaced  about  the  two  pulmonary  arteries.  Pulmonary 
artery  pressure  monitoring  was  established  with  a  flow  directioned  double  lumen 
catheter  introduced  through  the  right  atrial  appendage,  and  left  atrial 
pressure  was  monitored  with  an  indwelling  catheter. 

The  previously  placed  endotracheal  tube  was  removed  as  a  tracheostomy  was 
completed,  and  the  double  luraened  tube  was  introduced  into  the  trachea  and 
passed  distally  until  its  curved  tip  came  to  rest  in  the  ostia  of  the  left 
mainstem  bronchus.  In  this  position  the  tube  allowed  for  individually  controlled 
but  simultaneous  ventilation  of  the  right  and  left  lungs.   Needle  type  sampling 
ports  were  introduced  into  the  two  lumens  which  has  been  connected  to  individu- 
ally Harvard  animal  ventilators.   Each  ventilator  had  individual  supplies  of 
gases  so  that  the  left  lung  could  be  ventilated  only  with  room  air,  oxygen  or 
mixture  of  the  two.   Nitrogen  was  included  in  the  gas  mixture  to  the  ventilator 
supplying  the  right  lung.   In  this  way  Nitrogen  could  be  mixed  in  any  amount 
with,  or  substituted  for  oxygen  or  room  air  so  as  to  render  the  right  lung  hy- 
poxic. 

The  percent  expired  CO2  was  determined  for  each  lung  in  the  baseline  state, 
and  the  ratio  of  the  two  CO2  contents  was  determined.   Pulmonary  blood  flows 
from  the  right  and  left  lung  were  simultaneously  recorded  and  their  ratio  de- 
termined.  Initial  analysis  of  the  data  indicated  these  two  ratios  to  be  quite 
alike. 

Several  manipulations  were  then  undertaken  to  determine  whether  or  not 
changes  in  pulmonary  blood  flow,  that  is  a  change  in  the  ratio  of  the  right  and 
left  pulmonary  artery  blood  flows  would  be  accurately  reflected  by  the  change 
in  the  ratio  of  the  expired  CO2  values  in  the  right  and  left  lungs.   Agains , 
the  data  indicate  that  as  one  ratio  changed,  so  changed  to  other,  indicating 
the  expired  C02  was  an  accurate  reflection  of  the  pulmonary  flows.   As  a  fur- 
ther test,  the  right  lung  was  made  hypoxic  bvy  substituting  nitrogen  for  oxygen 
as  the  inspired  gas.   In  this  case,  there  was  a  reduction  in  blood  flow  to  the 
right,  or  hypoxic  lung,  and  the  resultant  change  in  the  ratio  of  right  and  left 
pulmonary  blood  flows  was  mirrored  by  the  change  in  the  ratio  of  right  and  left 
lung  expired  CO2 • 
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We  feel  that  this  method  of  simultaneous  on-line  direct  measurements  of 
expired  CO2  and  pulmonary  blood  flow  from  two  separately  ventilated  lungs 
shows  that  the  expired  CO2  from  each  lung  is  an  accurate  reflection  of  blood 
flow  to  that  lung.   this  permits  a  variety  of  harmacologic  agents  and 
ventilatory  manipulations  to  be  examined  as  to  their  effects  on  pulmonaryu 
blood  flow  simply  by  knowing  the  total  cardiac  output  and  the  ratio  of  expired 
CO2  of  the  right  and  left  lungs.  Any  new  ratio  that  results  from  manipulation 
of  a  variable  need  only  be  coupled  with  another  cardiac  output  determination  to 
arrive  at  the  blood  flow  to  eachg  lung  at  that  moment . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
A  previous  article  from  this  laboratory  (Maron  &  Adelstein,  1976)  reported  no 
significant  differences  in  the  cardiac  myosins  of  patients  with  obstructive 
hypertrophic  cardiomyopathy  and  normals  based  on  purified  myocin  ATP'ase 
activity  and  light  chain  composition  by  one-dimensional  SDS-polyacrylamide  gel 
electrophoresis.   Since  that  report,  several  animal  models  of  cardiac 
hypertrophy  have  shown  the  presence  of  myosin  isoenzymes,  due  to  variants  in 
heavy  chain  structure.   Hoh  and  associates,  using  a  technique  of  pyrophosphate 
gel  electrophoresis,  demonstrated  myosin  isoenzymes  in  the  rat  which  change 
in  distribution  with  age  and  with  the  impaired  contractile  state  of  hypo- 
thyroidism.  Flink  and  Morkin,  in  the  rabbit,  used  2-dimensional  mapping  of 
cyanogen  bromide  digests  of  myosin  to  demonstrate  a  new  myosin  isoenzyme  in 
hypertrophied  rabbits.   Schwartz  and  her  associates  demonstrated  a  similar 
isoenzyme  shift  in  the  rat  with  hypertrophy  induced  by  aortic  banding. 
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DESCRIPTION:  The  question  of  the  molecular  basis  for  the  hypercontractile 
state  in  human  hypertrophic  cardiomyopathy  has  been  reopened.   Portions  of 
the  surgical  myectomy  specimens  from  patients  with  obstructive  cardio- 
myopathy, and  autopsy  samples  of  control  hearts  from  patients  with  no  primary 
cardiac  pathology  are  being  obtained.   The  techniques  of  myosin  pyrophosphate 
gel  electrophoresis,  myosin  isoelectric  focusing  in  urea  gels,  and  2- 
dimensional  peptide  mapping  are  being  adapted  for  use  in  analyzing  purified 
myosin  from  these  human  sources  to  identify  the  presence  of  myosin  isoenzyme 
variants  in  man. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
We  are  assessing  the  late  clinical  status  of  21  patients  with  aortic 
regurgitation  (AR)  and  ventricular  septal  defects  (VSD)  undergoing  operative 
correction  of  both  lesions  in  the  period  between  1959  and  1979.    Aortic 
valvuloplasty  was  performed  in  10  patients  (mean  age  11  years) ,  and  aortic 
valve  replacement  (AVR)  in  11  (mean  age  25  years) .   Five  patients  had  previous 
bacterial  endocarditis  involving  the  aortic  valve,  all  requiring  AVR.   The 
angiographic  grade  of  AR  was  mild  to  moderate  in  the  valvuloplasty  group,  and 
moderate  to  severe  in  the  replacement  group.   The  VSD  was  suture  closed 
in  18,  and  patched  in  3  patients. 
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DESCRIPTION:   There  were  3  operative  deaths,  2  in  children  requiring  valve 
replacement  with  small  prostheses.   There  was  one  late  death  in  each  group, 
one  6  years  postop  with  prosthetic  valve  thrombosis,  and  one  3  months  postop 
with  refractory  congestive  failure  and  mitral  regurgitation.   Postoperative 
catheterization  has  been  performed  in  16  patients.   There  are  no  residual 
left-to-right  shunts.   Six  patients  in  the  valve  repair  group  have  moderate 
or  greater  residual  AR,  and  4  in  the  valve  replacement  group  have  insignifi- 
cant AR.   None  in  the  valvuloplasty  group  have  required  a  second  operation 
for  residual  AR,  however. 

Outpatient  follow  up  of  both  groups  of  patients  is  continuing.   Non- 
invasive procedures  (echocardiography  and  radionuclide  angiography,  as 
indicated)  will  be  used  to  assess  and  follow  left  ventricular  function, 
particularly  in  those  valvuloplasty  patients  with  significant  AR,  in  whom 
noninvasive  indices  may  have  prognostic  value  in  the  timing  of  eventual  valve 
replacement. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  evaluated  the  late  clinical  status  of  47  young  patients  who  had  aortic 
commissurotomy  for  congenital  valvular  stenosis.   These  patients  have  been 
followed  from  b  -  21  years,  mean  follow-up  13  years.   Aortic  commissurotomy 
relieves  obstruction  and  abolishes  symptoms  in  most  patients.   The  operation 
must  be  considered  palliative  because  after  10  years,  significant  valve  related 
problems  begin  to  occur. 
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DESCRIPTION:    We  evaluated  the  late  clinical  status  of  47  young  patients  who 
had  aortic  commissurotomy  for  congenital  valvular  aortic  stenosis.   Duration 
of  follow-up  is  at  least  5  years  and  ranges  up  to  21  years  (mean  13  years). 

The  average  age  at  the  time  of  operation  was  14  years.   There  were  no 
operative  deaths.   Forty-five  patients  had  bicuspid  valves  and  2  patients  had 
unicuspid  valves.   Cardiac  catheterization  was  performed  on  one  or  more 
occasions  in  38  patients  6  to  192  months  (mean  45  months)  after  operation. 
The  postoperative  average  peak  systolic  valve  gradient  was  34  mm  Hg  (range  0 
to  110  mm  Hg);  the  average  aortic  valve  index  (17  patients)  was  0.65 
cm^/M^  (range  0.23  to  1.03  cm^/M^).   The  average  left  ventricular  end- 
diastolic  pressure  was  14  mm  Hg  (range  3  to  36  mm  Hg). 

Four  cardiac  deaths  (9%)  occurred  5  to  17  years  after  operation.   Seven 
patients  (15%)  have  required  aortic  valve  replacement  after  5  to  17  (mean  11) 
i^ears.   Three  of  the  47  patients  (6%)  have  required  treatment  for  bacterial 
endocarditis.   Two  patients  died  from  noncardiac  causes.   Currently  34  of  the 
47  patients  are  alive  without  second  operations.   Symptoraatically,  they  all 
are  in  NYHA  functional  class  I.   Murmurs  of  aortic  regurgitation  are  present 
in  18  patients,  each  of  whom  has  x-ray  evidence  of  left  ventricular 
enlargement . 

Thus,  aortic  valve  commissurotomy  successfully  relieves  obstruction  and 
abolishes  symptoms  in  most  young  patients  with  congenital  aortic  stenosis. 
The  procedure  should  be  considered  a  palliative  one,  however,  since  valve 
replacement  will  probably  be  required  in  all  patients  eventually. 

COURSE:   This  abstract  has  been  presented  at  The  First  World  Congress  of 
Pediatric  Cardiology,  London,  June  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Most  experimental  investigations  of  left  ventricular  hypertrophy  use  animal 
models  in  which  obstruction  to  left  ventricular  outflow  is  created  after 
birth.   While  these  models  do  produce  left  ventricular  hypertrophy,  they  do 
not  reflect  the  dynamic,  compensatory  changes  that  occur  prior  to  birth.   We 
have  developed  a  model  of  creating  left  ventricular  hypertrophy  in  utero.   The 
majority  of  animals  (58%)  came  to  term  and  can  be  used  for  chronic  investi- 
gations of  ventricular  hypertrophy. 
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DESCRIPTION:   We  have  developed  an  experimental  model  of  ventricular  hyper- 
trophy which  represents  these  adaptations.   Lamb  fetuses  from  52  ewes  at  half 
gestation  (70  days)  had  5.5  mm  Teflon  bands  placed  around  the  thoracic  aorta; 
they  were  allowed  to  be  born  spontaneously  at  term  (138  days).   Twin  preg- 
nancies occurred  in  21  of  the  ewes;  when  a  twin  was  present  only  one  fetus  was 
banded,  the  other  serving  as  a  control.   Thirty  banded  fetuses  and  16  normal 
twins  came  to  term. 

Morphometric  analysis  of  these  lambs  at  a  mean  age  of  20  weeks  and  a  mean 
body  weight  of  3.6  Kg  indicated  that  significant  left  ventricular  hypertrophy 
was  present.   LV  weight  for  banded  animals  (B)  was  12.8  +  1'9  Gm  and  7.3  j^  1.0 
in  control  animals  (C)  (p  <  .05).   LV  free  wall  thickness  for  B  was  8.1  +  .4 
mm  compared  to  6.3  +  .2  mm  for  C  (p  <  .01).   Liver/body  weight  ratios  and 
lung/body  weight  ratios  were  not  different  in  the  two  groups  of  animals,  sug- 
gesting that  myocardial  decompensation  had  not  occurred  in  the  animals  with 
left  ventricular  hypertrophy.   LV  systolic  pressures  of  B  were  147%  greater 
than  C  (126  +11  mm  Hg  vs.  51+11  ram  Hg);  pulmonary  wedge  pressures  averaged 
9  mm  Hg  for  B  and  8  mm  Hg  for  C  (p  =  NS).   Cardiac  outputs  were  not  different. 
The  gradients  produced  ranged  from  15  to  85  mm  Hg  (mean  42  +  9  mm  Hg). 

An  experimental  stimulus  for  left  ventricular  hypertrophy  may  be  accom- 
plished in  utero.  These  animals  may  be  allowed  to  come  to  term  and  be  used  for 
acute  and  chronic  investigations  of  left  ventricular  hypertrophy,  analogous  to 
the  left  ventricular  hypertrophy  of  congenital  heart  disease. 

COURSE:   This  abstract  will  be  submitted  to  The  American  College  of 
Cardiology. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  order  to  compare  both  the  acute  and  chronic  effects  of  different 
cardioplegic  solutions,  we  studied  foxhounds  preoperatively,  postoperatively, 
and  at  2^  and  120  days  or  immediately  postoperatively,  hearts  arrested  with 
blood  cardioplegia  had  less  impairment  of  ventricular  function  and  compliance 
at  120  days. 
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DESCRIPTION:    Numerous  studies  have  compared  the  acute  hemodynamic  effects  of 
different  cardioplegic  solutions,  however,  none  have  evaluated  late  myocardial 
function.   Fifteen  dogs  were  divided  into  three  equal  groups.  Group  I  Control) 
underwent  two  hours  of  37°C  cardiopulmonary  bypass.   Group  II  underwent  two 
hours  of  cardiopulmonary  bypass  including  one  hour  of  continuous  20 °C  cardiac 
arrest  with  crystalloid  cardioplegia  (CCP).   Group  III  was  identical  to  Group 
II  except  that  arrest  was  with  blood  cardioplegia  (BCP).  Both  cardioplegia 
solutions  were  similar  in  potassioum  concentration  (30  mEq/L),  osmolarity 
(350-365  mosm),  and  pH  (7.50-7.55).  Stroke  work  index  (SWI),  LVEDP,  and  Vpm 
were  measured  preoperatively,  immediately  postoperatively,  twenty-one  days 
postoperatively,  and  120  days  postoperatively;  compliance  curves  were 
performed  with  an  intraventricular  balloon  at  120  days. 

Group  I  (control)    Group  II  (CCP)    Group  III  (BCP) 

preop  SWI  (GmM/kg)        36.6  +  4.7  46.3  +  3.2        47.2  +  3.8 

120  day  SWI  30.1  +  2.2  34.6  +  2.7*       43.5  +  5.6 

preop  LVEDP  (mmHg)         9.6  +  0.6  8.6  +  0.8         9.0  +  0.8 

120  day  LVEDP  11.4  +  0.5  14.2  +  1.2*       12.2  +  1.5* 

25cc  intraventricular 

balloon  LVP  (mmHg)        28.6+0.9  40.2+1.2**      32.2+1.5 

*p  <  0.05  compared  to  preop  value       **  p  <  0.01  compared  to  Groups  I  &  II 

No  significant  differences  from  preoperative  values  were  present  for  SWI, 
LVEDP,  or  Vpm  immediately  postoperatively  or  after  twenty-one  days  post- 
operatively.  At  120  days  hearts  arrested  with  BCP  maintained  significantly  (p 
<  0.01)  better  SWI  (92.2%  of  preoperative  value)  compared  to  hearts  arrested 
with  CCP  (74.4%).   Additionally,  at  120  days  left  ventricular  compliance  for 
the  CCP  group  was  significantly  (p  <  0.05)  decreased  compared  to  the  BCP  and 
control  groups.   Therefore,  while  hearts  arrested  with  BCP  or  CCP  had  no  early 
deterioration  of  myocardial  function,  hearts  arrested  with  CCP  demonstrated 
greater  impairment  of  myocardial  function  at  120  days  than  hearts  arrested 
with  BCP. 

COURSE:    To  be  presented  at  the  Surgical  Forum,  October  22,  1980,  in  Atlanta, 
Georgia. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  has  been  proposed  that  modification  of  the  initial  reperf usion  solution 
after  aortic  occlusion,  may  alter  the  extent  of  ischemic  Injury.  We, 
therefore,  studied  initial  reperfuslon  with  either  cold  blood  or  cold  blood 
cardioplegia  after  ischemic  injury.   Reperfuslon  with  cold  blood  cardioplegia 
provides  better  recovery  of  ventricular  function  and  compliance  immediately, 
21,  and  120  days  postoperatively  than  cold  blood  alone. 
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DESCRIPTION  AND  RESULTS:    We  studied  initial  reperfusion  after  aortic 
occlusion  in  15  dogs  divided  into  three  equal  groups.   Group  I  underwent  2 
hours  of  normothermic  cardiopulmonary  bypass  (CPB);  Group  II  underwent  2  hours 
of  CPB  including  one  hour  of  20°C  ischemic  arrest;  Group  III  was  identical  to 
Group  II  but  initially  was  reperfused  with  250cc  of  25°C  blood  cardioplegia 
(BCP,  K"*"  =  30  mEq/L)  prior  to  aortic  unclamping.   Stroke  work  index  (SWI), 
LVEDP,  and  Vpm  were  compared  preoperatively,  immediately  postoperatively,  at 
21  days  and  120  days  postopatatively.   Results  of  SVJI  (GmN)  are  summarized 
below  +  SEM: 


preop 

postop 

21d 

120d 

Gp  I 
Gp  II 
Gp  III 

36.6  +  4.7 
41.9  +  3.8 
37.0  +  2.9 

30.6  +  4.2 
16.4  +  3.3* 
22.9  +  3.5* 

34.8  +  4.2 

28.9  +  4.1* 
31.5  +  2.5 

30.1  +  2.2 
27.9  +  3.7* 
30.1  +  2.3 

Both  Gps  II  &  III  had  significant*  elevations  in  all  postoperative  values  for 
LVEDP  while  there  were  no  significant*  differences  in  the  values  for  Vpm 
between  Gps  II  &  III.   Hearts  which  were  initially  reperfused  with  BCP  (GpIII) 
had  significantly*  better  recovery  of  SWI  immediately  postoperatively 
(62%vs39%),  at  21d  (85%vs69%),  and  at  120d  (81%v66%)  than  Gp  II.   We  conclude 
that  after  ischemic  injury,  initial  reperfusion  with  BCP  provides  better 
recovery  of  both  early  and  late  ventricular  function  than  reperfusion  with 
oxygenated  blood  alone. 
*p  <  0.05 

COURSE:   Work  has  been  submitted  for  presentation  at  the  1980  scientific 
session  of  the  American  Heart  Association. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 


Late  clinical  evaluation  was  performed  on  34  patients  who  had  repair  of  un- 
complicated incomplete  persistent  atrioventricular  canal  at  the  NIH  prior  to 
1975.   This  was  87%  of  hospital  survivors  evaluated  at  a  mean  of  12  years  after 
operation. 

There  were  3  late  deaths  and  2  who  required  late  reoperation  for  mitral  valve 
regurgitation.   Using  life  table  statistical  analysis  the  predicted  survival 
free  of  reoperation  at  24  years  is  84%. 

Of  the  30  living  survivors  evaluated  24  are  asymptomatic  and  the  other  6  have 
mild  cardiac  symptoms;   7  have  significant  arrhythmias  including  3  who  have 
required  pacemakers.   None  have  shown  progressive  cardiomegaly  on  chest  x-ray 
but  on  M-mode  echocardiograms  in  15  the  left  atrial  size  was  abnormally 
enlarged.   Persistent  systolic  heart  murmurs  were  present  in  25  but  since  the 
majority  were  asymptomatic  and  had  no  other  objective  evidence  of  significant 
mitral  regurgitation  these  murmurs  were  not  felt  to  be  indicative  of  mitrai 
valve  incompetence  in  most. 
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DESCRIPTION:    Charts  of  all  44  patients  who  had  repair  of  uncomplicated 
incomplete  persistent  atrioventricular  canal  defects  at  the  NIH  between  1956  and 
1975  were  reviewed.   There  were  39  hospital  survivors.   Early  postoperative 
cardiac  catheterization  was  performed  at  an  average  of  11  months  in  35.   Normal 
left  atrial  or  pulmonary  artery  wedge  pressures  in  29  indicated  satisfactory 
mitral  valve  function;   6  had  minimally  elevated  wedge  pressures  while  2  had 
markedly  elevated  pressures  suggesting  significant  residual  mitral  valve 
incompetence. 

Of  all  survivors  4  had  been  followed  until  death  or  reoperation.   Of  the 
other  35  survivors  late  followup  of  at  least  4  years  was  available  either  by 
chart  review  or  by  recent  clinic  visit.   In  all  of  these  30  patients  clinical 
evaluation  included  chest  x-ray,  electrocardiogram,  history  and  physical 
examination.   M-mode  echocardiograms  were  performed  in  the  15  who  have  had 
recent  clinic  visits. 

COURSE:    Results  of  this  project  were  recently  presented  at  the  World  Congress 
of  Pediatric  Cardiology.   Written  report  will  soon  be  submitted  for  publication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Alterations  of  pulmonary  arterioles  have  been  thought  to  cause  right   ven- 
tricular hypertrophy  in  infants  with  coarctation  of  the  aorta.   To  investigate 
the  pulmonary  vasculature  in  coarctation  of  the  aorta,  we  created  postductal 
coarctation  of  the  aorta  in_  utero  in  23  fetal  lambs  at  10  to  11  weeks  of 
gestation.   Comparing  the  experimental  lambs  at  term  (21  weeks)  to  13  months 
postnatally  with  36  age  matched  normal  lambs,  we  found  that  pulmonary  artery 
pressures  and  right  ventricular  weights  were  elevated  in  those  lambs  with 
coarctation.   Similarly,  pulmonary  arteriolar  medial  thicknesses  were 
statistically  significantly  increased  in  lambs  with  coarctation  as  compared  to 
normal  lambs. 
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DESCRIPTION:   To  investigate  the  changes  in  the  pulmonary  arterioles  in  coarc- 
tation of  the  aorta,  we  created  postductal  coarctation  in  23  fetal  lambs  at  10 
to  11  weeks  of  gestation  (term  gestation  is  21  weeks).   These  experimental 
lambs  were  compared  to  36  normal  lambs  (usually  twins  of  experimental  lambs), 
which  were  matched  for  age  with  the  lambs  with  coarctation  at  the  time  of 
study.   Obvservations  were  made  at  catheterization  and  at  necropsy  immediately 
after  birth  and  up  to  3  months  of  age.   Pulmonary  artery  pressures  measured  in 
11  animals  with  coarctation  averaged  22/9  mm  Hg  and  in  10  normals  averaged 
19/7  mm  Hg.  The  cardiac   outputs  for  all  lambs  with  coarctation  were  130  +  20 
ml/min/kg  and  for  all  normal  lambs  were  100  +  10  ml/min/kg.   The  gradients 
across  the  coarctation  averaged  43.1  +  6.1  mm  Hg. 

Morphometric  analyses  indicated  that  the  lambs  with  coarctation  had  hyper- 
trophied  right  ventricles.  The  ductus  arteriosus  was  not  patent  in  any  animal. 
The  lungs  of  seven  normal  and  eight  lambs  with  coarctation  were  fixed  with  10% 
formaldehyde  at  a  pressure  of  40  cm  of  water  (29  mm  Hg)  and  randomly  sectioned. 
The  external  diameters  and  the  medial  thicknesses  of  the  muscular  pulmonary 
arterioles  were  determined  for  a  total  of  560  vessels.  For  vessels  less  than 
250  millimicrons  in  diameter  the  medial  thickness  to  external  diameter  ratios 
were  calculated.   These  ratios  were  significantly  greater  (p<0.01  by  the  Mann- 
Whitney  test)  in  lambs  with  coarctation  (0.19  to  0.36  -  mean  0.28)  compared  to 
normal  lambs  (0.10  to  0.26  -  mean  0.21).  Thus,  in  coarctation  of  the  aorta  the 
pulmonary  arterioles  appear  to  be  altered  during  the  fetal  period  and  remain 
abnormal  after  birth.  This  abnormality  of  the  pulmonary  arterioles  may  be  a 
pathogenic  mechanism  of  right  ventricular  hypertrophy  in  infants  with  coarc- 
tation of  the  aorta. 

COURSE:   An  abstract  presenting  these  data  has  been  submitted  for  the  53^^*^ 
Scientific  Sessions  of  the  American  Heart  Association. 

Further  analyses  of  the  development  of  the  pulmonary  arteriolar  bed  are 
being  performed  in  lambs  with  coarctation  at  varying  ages.  An  analysis  of  the 
pulmonary  arteriolar  vascular  bed  is  in  progress  in  lambs  having  had  j^  utero 
production  of  right  ventricular  outflow  obstruction  by  constriction  of  the 
pulmonary  artery. 

Extended  micromorphometric  analyses  of  the  development  of  the  pulmonary 
vascular  bed  in  normal  and  abnormal  cardiovascular  conditions  is  planned  using 
computer-assisted  techniques  in  collaboration  with  Mr.  James  M.  De  Leo,  Com- 
puter Systems  Analyst,  CSL,  DCRT. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Pulmonary  artery  or  infra-coronary  aortic  bands  were  placed  in  young  minature 
swine  to  induce  right  or  left  ventricular  hypertrophy.   As  the  animals  mature 
and  develop  ventricular  hypertrophy  and/or  heart  failure  they  are  being  studied 
for  changes  in  gross  and  microscopic  ventricular  morphology  as  well  as  changes 
in  ventricular  function  and  regional  coronary  blood  flow.   Swine  were  chosen  for 
the  experimental  animals  because:   1)  at  maturity  the  animals  weigh  50  to  60  Kg, 
about  the  same  as  an  adult  human.   2)  The  lack  of  epicardial  collateral  coronary 
arteries  in  swine  makes  their  coronary  circulation  similar  to  that  of  man. 
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DESCRIPTION:   All  24  banded  swine  have  had  late  hemodynamic  and  coronary  blood 
flow  studies.   There  were  13  with  right  ventricular  hypertrophy  and  9  with 
right  ventricular  hypertrophy  and  failure.   Only  2  of  the  several  attempted 
infra-coronary  aortic  banded  swine  developed  left  ventricular  hypertrophy. 
The  technique  of  infra-coronary  banding  was  found  to  be  unsatisfactory  because 
the  small  diameter  bands  used  to  fit  below  the  coronary  arteries  eroded  into 
the  aorta  with  growth  in  most  animals,  thus  failing  to  produce  an  aortic 
obstruction.   Five  control  swine  were  also  studied. 

Specimens  of  tissue  from  right  and  left  ventricles  and  ventricular  septum 
have  been  preserved  for  evaluation  of  changes  in  the  cellular  structure  as 
seen  by  light  and  electron  microscopy.   Estimation  of  degree  of  fibrosis  will 
be  performed  by  a  new  computer  assisted  scanning  technique. 

PROPOSED  COURSE:   Data  from  the  animals  studied  is  being  analyzed  to  evaluate 
changes  in  regional  coronary  blood  flow  and  ventricular  hemodynamics  as 
ventricular  hypertrophy  and  failure  develop  in  response  to  a  pressure 
overload.   When  the  microscopic  studies  are  completed  the  changes  in  ultra- 
structure  will  be  correlated  with  the  observed  changes  in  ventricular 
function  and  coronary  blood  flow.   Upon  completion  of  these  evaluations  this 
work  will  be  submitted  for  publication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Critical  coronary  artery  obstruction  reduces  coronary  blood  flow,  but  the 
magnitude  of  coronary  blood  flow  reduction  producing  myocardial  dysfunction  is 
unknown.   We  examined  the  quantitative  effects  of  controlled  coronary  blood 
flow  reductions  upon  myocardial  function  using  sonomicrometry  techniques. 
The  ischemic  area  of  myocardium  becomes  dilated  and  hypokinetic  when  coronary 
blood  flow  is  reduced  more  than  25%.   Sonomicrometry  techniques  detect  changes 
in  myocardial  function  with  enhanced  sensitivity  over  techniques  which  measure 
global  myocardial  function. 
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DESCRIPTION:   Paired  three  mm  piezo-electric  ultrasound  crystals  were 
implanted  1.5  cm  apart  in  the  left  ventricle  in  the  distribution  of  the  left 
anterior  descending  coronary  artery  along  the  septal-free  wall  axis  of  fiber 
shortening  in  7  dogs.   An  adjustable  occluder  encircled  the  left  anterior 
coronary  artery  above  its  first  diagonal  branch;  an  electromagnetic  flow 
probe,  located  distal  to  this  occluder  measured  coronary  blood  flow.   The 
left  anterior  descending  coronary  artery  distal  to  the  occluder  supplied  36%  of 
the  left  ventricle.   In  evaluations  on  each  dog,  regional  and  global  left 
ventricular  function  was  measured  before,  during,  and  after  reductions  in 
coronary  blood  flow  of  25,  50,  75,  90  and  100%. 


RESULTS ; 


Diastolic 


Control      25%        50%        75%       90%       100^ 


expansion  (mm)     1.5+0.5    1.7+0.5    2.0+0.4    2.0+0.4-    2.2+0.4    2.1+0.4 

Systolic  ^  ^^  **  ** 

shortening    (mm)         1.4+0.4        1.1+0.4        0.8+0.3        0.4+0.3  0.4+0.3        0.3+0.4 

d   length/dt  ^  ^  ^^  * 

(mm/second)  8.6+2.0        7.3+2.0        5.8+3.0        3.0+2.0  2.8+4.0        2.4+3.0 

*   p  <0.05  **   p  <0.001 

There  were  no  statistically  significant  changes  in  LVEDP,  dp/dt,  aortic 
systolic  pressure,  cardiac  output,  or  endocardial  ST  segments.   These  results 
indicate  that  significant  changes  occur  in  regional  ventricular  wall  motion 
when  CBF  is  reduced  more  than  25%.   The  ischemic  area  of  myocardium  becomes 
dilated  and  hypokinetic.   Moveover,  these  changes  occur  without  significant 
global  left  ventricular  dysfunction  or  endocardial  ST  segment  elevations.   We 
conclude  that  reductions  of  CBF  by  more  than  25%  produces  severe  regional 
myocardial  dysfunction  which  was  previously  undetectable  by  global  ventricular 
function  measurements.   Sonomicrometry  represents  a  most  sensitive  technique 
to  assess  regional  myocardial  function  and  ischemia. 

PROPOSED  COURSE:   Results  of  this  investigation  will  be  presented  at  the 
American  College  of  Surgeons  Surgical  Forum,  October  1980,  Atlanta,  Georgia 
and  will  be  published  in  Surgical  Forum  1980. 
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In  a  program  applying  a  basic  science  concept  of  instrumentation  this 
laboratory  recognizes  advances  in  basic  physical  science  and  then 
evaluates  their  potential  to  serve  biomedical  science.   Instrumentation 
for  measurement,  separation  or  control  of  biosystems  of  interest  to 
biomedical  research  form  the  basis  for  interlaboratory  cooperation. 
Instrumentation  concepts  are  selected  for  their  promise  of  contribution 
to  advancement  of  bioscience  in  general  or  in  response  to  anticipated 
requirements.   Industrial  instrumentation  on  the  other  hand  tends  to 
develop  only  ideas  with  potential  sales  appeal. 

In  the  section  on  Biophysical  Instrumentation,  work  is  continuing  on  the 
development  of  instrumentation  for  one  of  the  major  unsolved  problems  of 
biological  interest  involving  hemeproteins  which  is,  the  mechanism  of  the 
ligand  or  electron  transport  reaction  at  the  active  site  of  the  protein. 
The  question  is  whether  this  is  purely  a  chemical  reaction  and  if  so, 
what  is  its  nature  or  is  it,  in  the  case  of  hemoglobin  and  myoglobin, 
simply,  an  entrapment  and  isomerzation  much  as  in  the  cryptands?  To 
assist  the  molecular  biologist  in  answering  these  questions.  Dr.  Balko 
has  been  developing  a  low  temperature  Mossbauer  classical  transmission 
apparatus  and  a  totally  new  selective  excitation  double  Mossbauer  (SEDM) 
instrument.   In  the  classical  method  the  probe  of  the  energy  levels  in 
the  nucleus  by  the  gamma  ray  is  done  by  adding  or  subtracting  a  small 
amount  of  energy  to  the  probing  gamma  rays  by  moving  the  source,  i.e. 
doppler  shift  in  the  energy.  While  this  is  a  necessary  first  approach, 
it  does  not  delineate  the  underlying  mechanisms  of  energy  exchange  in  the 
nucleus  which  are  so  profoundly  affected  by  the  environment  of  the  outer 
shell  electrons.   Using  SEDM  and  directly  probing  a  particular  Mossbauer 
line  and  observing  the  energy  exchange  to  the  other  Mossbauer  line  in  the 
nucleus  this  mechanism  can  be  elucidated.   This  means  that,  in  the  case 
of  hemoglobin,  each  intermediate  can  be  observed  and  the  contribution  of 
each  to  the  Gibbs  Free  energy  which  involves  the  iron  -  porphyrin  can  be 
ascertained.   Since  one  will  also  be  able  to  obtain  the  equilibrium 
constant  of  each  intermediate  by  this  means,  the  contributions  due  to 
protein  structure  can  also  be  determined.   In  the  case  of  oxidative 
phosphorylation  where  both  non  heme  iron  and  the  cytochromes  are  involved 
the  energy  movement  (electrons  or  protons)  down  the  electrochemical 
gradient  to  oxygen  can  be  followed.   In  short  the  instrument  promises  us 
a  new  molecular  probe  so  sensitive  to  the  physical  and  chemical 
environment  of  the  iron  that  it  can  detect  minute  differences  in  the 
microviscosity  of  solutions  or  the  electronic  energy  of  the  iron.   In 
order  to  define  clearly,  both  mathematically  and  experimentally,  the  new 
techniques  a  series  of  compounds  have  been  studied.   These  include 
ferrochrome  A,  hemin,  and  hemoglobin.  Work  has  been  conducted  at 
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temperatures  as  low  as  200  tnillidegrees  Kelvin  and  at  magnetic  field 

intensities  as  high  as  10  Tesla  with  results  not  predicted  by  classical 
Mossbauer  theory,  but  readily  understood  with  Dr.   Balko's  new 

theoretical  treatment.  A  clear  demonstration  of  the  enormous  effect 

produced  by  changes  in  the  microviscosity  was  demonstrated  with  sickle 

cell  hemoglobin  and  is  presently  being  used  to  study  the  initation 
process  in  sickling. 

A  new  picosecond  spectrometer  has  been  built  by  Dr.  Smith  and  Dr. 
Liesegang  in  an  attempt  to  study  the  detailed  movement  of  the  energy  and 
structure  of  the  protein  in  the  reaction  of  hemoglobin  with  carbon 
monoxide  or  oxygen.   This  will  be  correlated  with  the  new  laser  flash 
photolysis  apparatus,  both  in  solution  and  in  the  red  cell  using  a 
specially  constructed  dual  wavelength  spectrometer.   These  latter  studies 
will  be  themselves  correlated  with  classical  high  speed  stopped  flow 
studies  being  conducted  on  our  greatly  improved  instrument  which  operates 
with  a  dead  time  of  200  microseconds. 

Using  our  new  fast  stopped-flow  calorimeter,  developed  by  Drs.  Balko  and 

Berger,  Dr.  Liesegang  has  worked  on  the  thermodynamics  and  kinetics 

of  the  reaction  of  cryptand  211  with  Ca++  and  Li"*".   He  has  shown 

that  a  fast  bimolecular  step  occurs  and  then  an  isomerzation  occurs  that 

has  a  high  heat  of  reaction  for  Li"*"  but  a  very  low  one  for  Ca"'"'". 

This  promises  to  be  an  important  model  for  the  reactions  with  proteins 

where  isomerzation  occurs. 

In  thermodynamic  studies  of  proteins  it  is  often  important  to  know  the 
heats  of  reaction  and  the  buffering  power  or  pK's  of  the  reactants. 
Berger  has  developed  a  differential  thermal  and  pH  titration  apparatus 
for  this  with  a  3  picomole  sensitivity  in  a  1  ml  volume.  A  new 
differential  calorimeter  permits  heats  of  reaction  of  only  100  yl  of  each 
reagent  to  be  quickly  determined  with  a  sensitivity  of  10  picomoles  for  a 
reaction  heat  of  5  kilocalories  per  mole. 

The  fluorescence  properties  of  human  serum  albumin  from  different 
commercial  sources  were  found  to  vary  markedly.   This  could  explain  many 
of  the  anomalous  results  in  the  literature.   A  charcoal  treatment 
procedure  developed  here  was  shown  to  reduce  the  differences  in  spectra, 
quantum  yield,  and  fluorescence  decay  kinetics. 

The  properties  of  phospholipases  were  studied  with  the  dye-liposome 
method.   Enzymic  hydrolysis  of  liposomes  containing 
concentration-quenched  dye  is  accompanied  by  appearance  of  strong 
fluorescence.  This  assay  is  probably  the  most  convenient  one  available 
for  this  class  of  enzymes  and  was  used  to  show  activation  and  inhibition 
of  different  phospholipases  by  serum  albumin. 

The  widely  used  o-phthaldialdehyde  reaction  for  fluorescence  assay  of 
primary  amines  was  examined  by  stopped-flow  fluorometry.  This  kinetic 
analysis  showed  that  the  second  order  rate  constants  for  reaction  of  the 
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reagent  with  various  amino  acids  depended  on  steric  and  charge  factors  as 
well  as  pH.   The  information  should  be  useful  for  determining  optimal 
conditions  of  reactions,  and  for  future  studies  on  the  rate  of  reaction 
of  o-phthaldialdehyde  with  proteins. 

With  Dr.  Oliver  Alabaster,  we  showed  that  measurement  of  electronic  cell 
volume  in  the  Los  Alamos  fluorescence  flow  cytometer  can  be  accompanied 
by  fading  due  to  electrolysis  of  the  solutions. 

Separation  techniques  based  on  complex  behavior  of  two  phase  liquid 
extraction  phases  in  coiled  tubes  exposed  to  centrifugal  forces  continues 
to  provide  the  basis  for  instrumental  methods  with  special  advantages. 

Countercurrent  chromatography  and  cell  elutriation  methods  have  been 
further  developed  by  constructing  new  continuous  flow  coil  planet 
centrifuges,  without  rotary  seals.  The  toroidal  coil  planet  centrifuge 
is  a  table  top  model  of  a  versatile  countercurrent  chromatograph  which 
holds  a  long  coiled  column  around  a  drum  shaped  holder.   It  enables 
universal  application  of  two-phase  solvent  systems  to  separate  a  variety 
of  biological  samples  in  a  small  scale.  The  capability  of  the  aparatus 
has  been  demonstrated  on  separation  of  DNP  amino  acids  and  oligopeptides. 
A  large  preparative  scale  countercurrent  chromatographic  scheme  was 
successfully  made  by  the  use  of  large-bore  glass  coils  rotating  in  the 
gravitational  fields.  The  capability  of  the  scheme  has  demonstrated  on 
separation  of  600  mg  of  DNP  amino  acids.   Also,  the  horizontal 
flow-through  coil  planet  centrifuge  previously  reported  (ZOL-HL-01428-02) 
has  been  successfully  applied  to  purification  of  two  synthetic  peptides 
which  had  poor  solubility  in  the  solvents  commonly  used  in  the 
conventional  liquid  chromatography.   For  cell  separation,  a 
non-cynchronous  flow-through  coil  planet  centrifuge  was  newly  designed 
and  its  capability  was  demonstrated  on  separation  of  human  and  sheep 
erythrocytes  with  physiological  buffered  saline.  This  method  has  been 
successfully  applied  to  separations  of  fluorescence  labelled  B  and  T 
lymphocytes,  malaria  gametocytes,  and  rat  liver  cells. 

The  Section  on  Pulmonary  and  Cardiac  Assist  Devices  continues  to  explore 
applications  of  the  Kolobow  spiral  coil  blood  gas  exchanger  and  the 
techniques  of  gentle  blood  handling  developed  in  this  laboratory. 

It  has  become  evident  that  all  the  metabolic  CO2  produced  can  be 
removed  by  a  low  blood  flow  extracorporeal  system  and  hence  this 
technique  can  be  used  to  control  mechanical  pulmonary  ventilation  so  as 
to  avoid  barotrauma.   The  question  of  pulmonary  ventilation  on  the 
evolution  of  hyaline  membrane  disease  was  investiaged  by  using  the 
principles  of  apneic  oxygenation  in  premature  lambs.   The  development  of 
hyaline  disease  follows  a  few  hours  of  pulmonary  ventilation  so  we 
reasoned  that  a  period  of  apneic  oxygenation  at  the  critical  period  might 
tide  the  newborn  over  the  period  when  immature  lung  incapable  of  coping 
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with  respiratory  ventilation  could  mature  enough  to  withstand  the 
mechanical  functions  required. 

Investigations  have  been  made  to  use  these  ideas  to  prevent  HMD  in  the 
preterm  fetal  lamb  model.   The  fetal  lamb  at  130  days  will  develop  HMD 
with  a  near  100%  mortality  with  state  of  the  art  treatment.   Nineteen 
fetal  lambs  were  treated  with  a  gestational  age  of  131-138  days,  and  the 
lungs  were  kept  expanded,  while  removing  all  metabolic  CO2  through  the 
placental  circulation.   Within  4-8  hours  the  total  lung  compliance  rose 
to  levels  found  in  newborns  at  term  and  pulmonary  ventilation  then  became 
possible  without  develping  HMD.   Recent  experiments  on  8  lambs  indicates 
that  on  acceleration  of  the  maturation  or  conditioning  can  be  shortened 
to  as  little  as  1-1/2  hours  by  increasing  the  initial  lung  expansion 
pressure.   It  is  of  interest  to  note  that  the  surface  tension  of  the  lung 
washings  remained  abnormal  but  hyaline  membrane  disease  did  not  develop. 

In  collaboration  with  the  University  of  Milan  a  similar  technique  has 
been  applied  to  3  patients  with  Adult  Respiratory  Distress  Syndrome. 
These  patients  met  criteria  defining  90%  mortality.  These  patients  were 
placed  on  extracorporeal  bypass  with  removal  of  metabolically  produced 
CO2.  while  providing  oxygen  through  the  lungs  kept  inflated  to  a 
constant  pressure  and  ventilating  the  lungs  at  2-4  BPM  (LFPPV-Low 
frequency  Positive  Pressure  Ventilation) .   Pulmonary  oxygen  transport 
improved  rapidly,  associated  with  clearing  of  lungs,  and  a  rise  in  total 
lung  compliance.  This  improvement  in  arterial  blood  oxygenation  was  such 
that  all  those  patients  met  established  criteria  for  disconnection  from 
bypass  by  the  first  day  of  this  treatment. 

Acute  pulmonary  failure  in  adults  as  well  as  in  the  newborn  is  a 
combination  of  unfortunate  events  which  makes  lung  involvement  extensive 
in  scope  and  yet  fully  recoverable  with  a  treatment  that  allows  lungs  to 
mature/heal  over  a  period  of  time.   Managing  lungs  so  involved  by  the 
technique  described  can  lead  to  rapid  improvement  in  lung  function  and 
tide  the  patient  over  the  critical  few  hours  or  days.  This  treatment  is 
not  unlike  current  treatment  for  chronic  renal  failure  using  the 
artificial  kidney,  except  that  it  represents  a  single  shot  application  of 
treatment  of  a  few  hours  or  days  duration  after  which  recovery  is  full 
and  and  complete,  without  any  need  for  additional  treatment.  The 
patients  have  remained  cured  and  well. 

Work  on  methods  and  apparatus  for  the  study  of  kidney  and  toad  bladder 
epithelial  cells  grown  as  sheets  on  porous  membranes  continues  to  yield 
important  results.  The  central  element  is  the  porous  bottomed  culture 
device  (PBCD)  in  which  the  membrane  is  cemented  to  polycarbonate  rings 
which  provides  electrical  and  chemical  isolation  between  the  solutions 
contacting  each  side  of  the  membrane.  With  these  PBCD's  new  knowledge  of 
the  development  of  epithelia  is  being  obtained.   For  example,  the 
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development  of  vasopressin  response  in  the  cells  (from  African  clawed 
toad  kidney)  requires  that  there  be  free  exchange  for  materials  between 
the  cells  and  the  media  on  the  basal  side  (i.e.  the  PBCD's  must  spaced 
off  the  botton  of  the  dish).   By  this  means,  vasopressin  response  has 
been  demonstrated  for  the  first  time  in  these  cells. 

Work  on  PBCD's  with  transparent  collagen  membranes  has  been  successful 
and  is  continuing.  Medulary  thick  ascending  limb  cells  from  the  rabbit 
kidney  tubule  have  grown  out  from  a  short  piece  of  tuble  on  1  mm  collagen 
membranes  in  about  10  days  and  produced  apical  side  positive  potentials 
as  high  as  23  millivolts. 

Analysis  of  picomole  amounts  of  biologically  important  materials  has  been 
greatly  simplified  by  the  development  of  a  new  flow-through  colorimeter 
and  a  fluorimeter.  These  devices  have  cuvets  with  working  volumes  less 
than  250  nl  and  light  path  lengths  of  1  cm.   Using  continuous-flow 
techniques,  the  nanoliter  sized  samples  are  injected  directly  into  a 
flowing  stream  of  reagent  which  produces  a  colored  product  whose  optical 
absorbance  is  measured.  We  have  demonstrated  subpicomole  sensitivity  for 
magnesium,  calcium,  and  phospate  ions.   The  new  instrument  is 
considerably  simpler  than  existing  ultramicroanalytic  techniques. 

The  second  activity  involves  the  modeling  and  testing  of  a  new  type  of 
oxygen  electrode  construction.  The  new  design  consists  of  a  cathode 
intimately  contacting  a  protective  barrier  membrane.   The  cathode,  a 
porous  silver  mesh  supports  the  membrane.  Oxygen  diffusing  through  the 
membrane  reacts  at  the  cathode  when  appropriate  electrical  circuit  is 
established.  The  new  design  permits  a  response  time  of  less  than  10 
seconds  without  significant  response  shift  due  to  sample  stirring. 
Computer  simulation  of  the  electrode-membrane  combination  permits 
exploration  of  the  materials  and  dimensions  to  obtain  the  optimum 
design. 

Tissue  blood  flow  instrumentation  by  analysis  of  the  spectral  changes  in 
laser  light  scattered  by  the  motion  of  the  red  cells  has  again  been 
refined  and  evaluated  in  clinical  applications.  The  prototype  instrument 
has  been  greatly  improved  by  a  new  analysis  scheme,  a  four  meter  flexible 
fiber  optic  probe,  and  the  use  of  a  photodiode  detection  system.   The 
linearity  of  the  instrument  in  respone  to  blood  flow  has  been  greatly 
improved  and  noise  has  been  reduced  so  the  instrument  can  resolve  the 
instantaneous  pulsatile  flow  of  microcirculation.   The  instrument  is 
being  used  to  monitor  average  blood  flow  and  dynamic  blood  flow  in  normal 
individuals  and  clinical  center  patients.   Data  is  being  gathered  to 
assess  the  instruments  usefulness  as  a  measure  of  blood  flow  in 
peripheral  vascular  disease,  carotid  artery  occlusion  diesase,  and  sickle 
cell  anemia,  and  muscular  dystrophy. 
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We  have  demonstrated  that  nuclear  magnetic  resonance  from  flowing  blood 
can  be  used  to  measure  flow  in  brain  entirely  by  projected 
electromagnetic  fields.  The  system  is  entirely  harmless  and  involves  no 
ionizing  radiation. 

This  accomplishment  by  our  contract  facility  at  the  Medical  College  of 
Wisconsin  used  projected  fields  and  field  ranging  techniques  to  limit  the 
sensitive  region  to  sense  only  the  modulation  of  the  NMR  signal  by  the 
pulsatile  flow  of  the  middle  cerebral  artery.   The  large  superconducting 
magnet  is  now  functional  and  has  made  these  measurements  possible.  The 
same  system  applied  to  peripheral  vessels  as  well  as  heart  and  aorta 
provide  large  clear  signals  which  may  be  of  interest  to  other 
cardiovascular  studies. 

The  development  of  magnetic  marker  and  localizing  tagging  fields  is  still 
being  studied  here  by  developing  signal  enchancement  systems  based  on 
coupling  resonating  nuclear  and  electron  resonance  fields  or  to  nuclear 
fields  of  materials  with  short  relaxation  times. 

At  the  fields  and  frequencies  available  here  the  results  to  date  are 
encouraging  but  inadequate.   The  superconducting  facility  may  be  needed 
to  develop  the  method  fully. 
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Objective: 

1.  To  develop  a  membrane  lung  system  for  long  term  support. 

The  membrane  lung  (ML)  Is  a  safer  device  for  both  short  term  and  long  term  use 
than  more  traditionally  used  bubble  oxygenators.   However,  the  superiority  of 
the  ML  in  short  term  use  can  easily  be  masked  during  procedures  which  result 
in  a  high  cardiotomy  blood  return.   In  long  term  use  for  respiratory  assist, 
the  advantage  of  the  ML  system  is  universally  acknowledged,  and  remains  the 
only  safe  system  for  prolonged  use. 

2.  To  develop  an  artificial  lung  system  optimized  for  long  term  carbon  diox- 
ide removal. 

There  is  no  difficulty  in  removing  metabolically  produced  CO   by  either  the 
ML  or  bubble  oxygenators     during  routine  bypass.   At  times,  some  CO   is 
added  to  the  ventilating  gas  to  prevent  too  large  a  drop  in  PCO  .   This  lab- 
oratory has  pioneered  in  the  control  of  spontaneous  breathing,  and  in  the  con- 
trol of  mechanical  pulmonary  ventilation   (MV)  through  the  means  of  removing 
part,  or  all,  of  metabolically  produced  CO   by  the  extracorporeal  carbon  diox- 
ide membrane  lung  (CDML) .   All  the  CO  produced  at  rest  in  an  adult  can  be 
removed  at  a  relatively  low  extracorporeal  blood  flow  of  less  than  1  liter  of 
blood  flow/min.   It  thus  becomes  possible  to  control  spontaneous  breathing  and 
mechanical  pulmonary  ventilation  when  some  or  all  of  metabolically  produced 
CO   is  removed  by  CDML.   This  aspect  is  important  in  MV  because  the  settings 
on  the  MV  are  determined  so  as  to  effect  "adequate  alveolar  ventilation"  - 
meaning  sufficient  removal  of  metabolically  produced  CO   to  maintain  arterial 
blood  PCO   in  the  normal  range. 

It  is  furthermore  well  established  that  MV  has  a  deleterious  effect  on  organ 
function  remote  from  the  lungs,  such  as  that  of  the  liver,  and  of  the  kidneys. 
Management  of  patients  with  adult  respiratory  distress  syndrome  (ARDS)  is 
frequently  affected  at  some  stage  by  multiple  organ  system  failure  in  addition 
to  primary  pulmonary   failure.   We  hoped  that  through  extracorporeal  CO   re- 
moval (ECCO  R)  it  may  be  possible  to  eliminate  dependence  on  MV  and  to  reduce 
multiorgan  system  failure,  and  hence,  lead  to  the  road  of  recovery  from  ARDS. 

Newborns  with  acute  pulmonary  insufficiency  (hyaline  membrane  disease  -  HMD) 
have  a  different  underlying  pulmonary  pathology.   Extracorporeal  removal  of 
CO^  can  easily  be  accomplished  in  HMD,  and  afford  a  means  to  establish  normal 
pulmonary  function. 

Similarly,  in  chronic  respiratory  failure,  extracorporeal  removal  of  CO   can 
restore  arterial  blood  PCO   to  normal  and  can  provide  the  means  for  sustained 
improvement  in  alveolar  ventilation. 

3.  Acute  respiratory  failure:   adult  respiratory  distress  syndrome,  and  hya- 
line membrane  disease. 
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"The  outlook  for  patients  with  ARDS  is  poor.   In  a  recent  review  of  all  patients 
requiring  M^7  at  an  FIO ^  equal  to  or  more  than  0.5  for  at  least  24  hours,  two 
thirds  of  those  patients  were  dead  within  one  month.   This  result  highlights 
the  difficulty  when  treating  patients  whose  primary  underlying  disease  involves 
severe  lung  failure.   It  is  intriguing  to  note  that  those  few  fortunate  survi- 
■"ors  after  some  time  of  further  recovery  have  no  evidence  of  significant 
functional  impairment  attributable  to  their  earlier  lung  disease.   As  far  as 
is  known,  ARDS  has  no  unique  underlying  bacterial  or  viral  etiology.   Rather, 
it  is  a  combination  of  unfortunate  events  that  make  their  lung  involvement 
extensive  in  scope,  but  not  unique  in  pathology.   To  compound  the  problem,  the 
deleterious  side  effects  of  MV  result  in  impaired  renal  and  hepatic  function, 
and  a  high  incidence  of  barotrauma,  and  is  not  in  itself  conductive  to  the 
healing  of  the  lungs. 

In  the  widely  quoted  controlled  ECMO  (extracorporeal  ML  oxygenation)  study 
involving  patients  with  ARDS  there  was  no  beneficial  effect  attibuted   to 
extracorporeal  blood  oxygenation;  however,  the  control  and  the  treated  patients 
were  simultaneously  also  receiving  conventional  pulmonary  ventilation  with  a 
mechanical  ventilator.   This  study  merely  showed  that  the  ML  use  could  not 
alter  the  course  of  their  disease  whenever  MV  was  used. 

We  believe  lack  of  recovery  from  severe  ARDS  is  due  to  continuing  use  of  MV. 
We  feel  these  patients  can  fully  recover  by  the  application  of  an  extracor- 
poreal ML  in  the  control  of  breathing,  in  the  obtaining  of  adequate  alveolar 
ventilation  without  undue  mechanical  pulmonary  ventilation,  and  in  the  enhanced 
pulmonary  oxygen  transport  which  follows  when  patients  are  placed  on  apneic 
oxygenation,  or  on  low  frequency  positive  pressure  ventilation  (LFPPV) .   By 
controlling  the  amount  of  CO  removed  by  an  extracorporeal  CDML,  spontaneous 
breathing,  or  MV  can  be  adjusted  to  allow  for  diseased  lungs  to  heal. 

In  the  management  of  acute  respiratory  failure  in  the  newborn  (hyaline  mem- 
brane disease  =  HMD) ,  substantial  progress  has  been  made  in  the  last  decade 
through  the  application  of  continuous  positive  airway  pressure  (CPAP) .   This 
treatment  fosters  the  expansion  of  terminal  airway  structures  without  allowing 
these  structures  to  collapse  on  expiration.   A  substantial  proportion  of  pa- 
tients, however,  progress  to  MV  because  of  inability  to  maintain  normal  arter- 
ial blood   PCO  .   The  long  term  outlook  of  those  patients  is  particularly  poor, 
and  is  fraught  with  the  danger  of  developing  bronchopulmonary  dysplasia  (BPD) . 

In  addition,  some  premature  newborns  with  particularly  immature  lungs  succumb 
during  the  first  few  minutes  of  life  due  to  inability  to  initially  expand  the 
lungs.   It  is  known  that  preterm  newborns  (over  24  wks)  have  adequately  deve- 
loped anatomJc  air  spaces  which  could  potentially  expand;  those  preterm  infants 
already  have  a  pulmonary  vascular  capillarity  capable  o  f  pulmonary  oxygen 
transport.   These  infants  are  unable  to  sustain  alveolar  ventilation  due  to 
instability  of  terminal  airways.   Their  immaturity  is  reflected  in  very  low 
levels  of  pulmonary  surfactant. 

We  believe  the  technique  of  apneic  oxygenation  with  extracorporeal  removal  of 
C0„  ideal  to  apply  in  the  entire  patient  population  of  preterm  newborns  at  high 
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risk  to  develop  HMD,  or  in  these  newborns  in  whom  the  disease  has  already  be- 
come established. 

Methods  Employed  and  Major  Findings: 

1.  The  carbon  dioxide  membrane  lung  is  basically  a  spiral  coiled  membrane 
lung  optimized  for  high  CO   transfer.   The  preferred  membrane  until  now  is 
made  of  silicone  rubber.   More  permeable  microporous  polypropylene  membranes 
have  over  twice  the  C0„  transport  capability.   No  information  is  available  as 
to  performance  of  microporous  polypropylene  membrane  lungs  in  long  term  use. 

For  infant  use,  the  CDML  has  to  perform  well  at  blood  flows  as  low  as  20  - 
50  ml/min.   Such  a  requirement  can  now  be  met  with  a  CDML  we  have  designed 
based  on  the  twin  coil  artificial  kidney  first  described  by  Kolff.   At  very 
low  blood  flow,  the  long  blood  path  of  that  design  is  especially  well  suited 
for  the  removal  of  CO  ,  and  hence  for  use  in  small  newborns. 

2.  a.  Fetal  Work 

The  fetal  lamb  is  the  preferred  animal  model  to  study  new  approaches  to  the 
treatment  and  prevention  of  HMD.   At  approximately  130  days  gestation  the 
fetal  lamb  has  a  near  100%  mortality  with  conventional  care.   Under  general 
anesthesia  we  have  performed  C-sections  in  dated  ewes  of  131  -  138  d.  gesta- 
tion, and  delivered  the  fetus  but  left  the  umbilical  cord  intact  to  effect 
removal  of  C0„  and  the  supply  of  some  oxygen.   After  initial  insufflation  of 
the  lungs,  the  lungs  were  kept  inflated  at  an  intrapulmonary  pressure  of  15  cm. 
H„0  (apneic  oxygenation)  for  from  4-6  hrs.   This  assured  that  even  when  the 
umbilical  circulation  slowly  fell,  the  PCO„  would  rise  only  slightly;  while 
arterial   PO  ,  augmented  by  pulmonary  oxygen  transport,  slowly  rose.   The 
total  lung  compliance  (TLC)  gradually  rose  over  a  period  of  3  -  8  hrs  to  levels 
equal  those  found  in  term  newborns.   The  chest  X-ray  films  gradually  cleared. 
At  that  point  we  placed  the  fetuses  on  MV  without  developing  pulmonary  failure 
or  HMD.   All  19  animals  survived  for  24  hrs  in  excellent  health.   Those 
studies  demonstrated  that  lungs  exhibiting  normal  total  lung  compliance  can 
be  ventillated.   Furthermore,  those  lungs  continued  to  improve  during  pulmo- 
nary ventilation.   Saline  lung  wash  obtained  24  hrs  after  elective  sacrifice 
remained  in  what  is  considered  the  abnormal  range.   And  yet,  respiratory  fail- 
ure (HMD)  did  not  occur. 

Unless  TLC  exceeds  0.5  -  0.6  ml/cm  H„0/kg,  normal  pulmonary  ventilation  is  not 
possible  and  HMD  is  likely  to  develop.   It  appears  that  obtaining  this  TLC 
was  the  key  which  reflected  mature  lungs  capable  of  normal  pulmonary  ventila- 
tion. 

More  recently,  we  have  been  able  to  accomplish  pulmonary  maturation  faster  yet 
in  even  younger,  130  d.  old  fetuses.  By  applying  substantially  greater  intra- 
pulmonary pressure  for  a  few  seconds  only,  followed  by  statically  inflating 
the  lungs  to  15  cm.  H„0,  the  TLC  rose  to  normal  range  much  faster.  In  almost 
80%  of  those  fetuses  the  TLC  became  normal  within  l^s hours.  In  20%  of  fetuses 
gestational  age  of  130  days  it  was  determined  by  the  first  one  hour  that  a 
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prolonged  time  of  pulmonary  conditioning  was  to  be  anticipated,  the  proper 
procedure  in  those  cases  being  placement  on  the  CDML  with  extracoropreal 
bypass.   From  our  earlier  work,  such  conditioning  evolves  over  a  period  of 
8-12  hrs.   This  accelerated  pulmonary  conditioning,  and  our  ability  to  assess 
status  of  lung  maturation,  poses  some  interesting  possibilities  to  the  future 
treatment  of  prematures  susceptible  to  HMD.   It  appears  that  a  brief  preventive 
intervention  lasting  perhaps  as  short  as  a  few  minutes  to  as  long  as  one  hour 
has  a  profound  bearing  as  to  whether  or  not  HMD  is  to  develop. 

The  value  of  L/S  ratio  is  now  well  established  as  a  predictive  index  to  HMD. 
We  believe  the  determination  of  TLC  and  its  restoration  to  normal  by  the  means 
described  above  in  the  face  of  a  persistently  low  L/S  ratio,  is  the  simplest 
and  a  most  rapid  means  that  has  yet  been  applied  to  the  prevention  and  treat- 
ment of  HMD. 

b.   Treatment  of  ARDS 

These  clinical  studies  were  carried  out  in  collaboration  with  the  University 
of  Milan,  Italy. 

Five  patients  with  ARDS  obtained  immediate  relief  from  hypoxis  after  beginning 
LFPPV  with  ECCO  R.   The  pulmonary  ventilation  was  kept  at  3  -  4  breaths/min 
with  a  very  low  TV  and  a  peak  pressure  of  less  than  35  cm.   HO.   Within  hours 
of  going  on  bypass  the  arterial  blood  P0„  exceeded  100  mm.   Hg  and  the  F102 
was  lowered  to  0.40.   This  was  associated  with  a  marked  diuresis,  and  improve- 
ment in  chest  X-ray  films.   This  rapid  improvement  is  typical  of  this  technique. 
Moreover,  the  ECMO  criteria  for  discontinuing  bypass  (based  on  FIO^  and  Pa0  2) 
were  met  and  exceeded  in  less  than  one  day.   Improvement  in        lung  com- 
pliance to  permit  spontaneous  breathing  or  MV,  took  considerably  longer,  from 
2-13  days,  depending  on  the  underlying  disease  pathology,  related    in  part 
to  the  ravages  imparted  by  mechanical  ventilation. 

Results  so  far  strongly  suggest  that  management  of  the  lungs  has  great  bearing 
on  recovery  of  the  lungs  once  on  extracorporeal  bypass.   These  results  suggest 
that  MV  while  considered  at  times  life  saving,  can  lead  to  exacerbation  of  the 
disease  process,  to  fulminant  ARDS,  and  death.   We  suggest  as  an  alternative 
the  use  of  extracorporeal  CDML  in  the  control  of  spontaneous  breathing,  and 
in  the  control  of  MV,  and  in  the  treatment  and  cure  of  severe  ARDS. 

Importance  to  Biomedical  Engineering  and  the  Program  of  the  Institute: 

1.   Acute  pulmonary  failure  is  a  life  threatening  process  as  it  enters  into  a 
fullblown  ARDS.   We  believe  progression  to  fullblown  ARDS  can  and  should  be 
arrested  by  the  early  application  of  an  extracorporeal  CDML  in  the  control 
of  spontaneous  breathing,  or  in  the  control  of  mechanical  pulmonary  ventilation. 
This  procedure  is  much  simpler  technically  than  high  flow  extracorporeal  blood 
bypass  as  practiced  in  ECMO;  more  importantly,  it  leads  to  a  rapid  recovery 
of  lung  function.   Unlike  the  thrice  weekly  use  of  dialysis  in  chronic  renal 
failure  (by  way  of  comparison)  the  use  of  a  CDML  and  extracorporeal  bypass  is 
a  one  shot  procedure  with  no  need  for  recurrent  treatment.   Once  cured,  always 
cured.   The  use  of  this  procedure  is  to  be  viewed  not  only  curative,  but  also 
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preventive  to  avoid  ARDS  from  developing  in  the  first  place. 

2.   Our  studies  in  the  prevention  of  acute  respiratory  failure  in  the  preterm 
fetal  lamb  strongly  suggests  that  HMD  in  man  is  a  preventable,  and  a  curable 
disease.   It  is  exciting  to  learn  that  conditioning  the  fetal  lung  to  exhibit 
a  normal  TLC  can  be  accomplished  in  as  short  a  time  as  in  one  hour.   This  inter- 
vention alone,  and  not  the  exogenous  administration  of  pulmonary  surfactant, 
appears  to  lead  to  rapid  pulmonary  maturation. 

Such  treatment  can  be  accomplished  either  while  still  connected  to  the  umbili- 
cal cord;  after  the  umbilical  cord  has  been  cut,  through  connection  to  an  ex- 
tracorporeal CDML  for  a  brief  period  of  bypass. 

Proposed  Course: 

In  collaboration  with  Dr.  Brumley  (Duke  University)  and  Dr.  Ulane  (NICHD)  we 
will  further  explore  the  biochemical  aspects  of  fetal  lung  maturation  as 
found  in  our  experimental  technique.   This  will  involve  the  measurement  of 
disaturated  phosphatidyl  choline  (DSPC)  and  phosphatidylglycerol  (PG) ,  and  the 
rate  of  incorporation  of  choline  into  DSPC.   Additional  studies  are  planned 
to  define  the  best  means  for  rapid  pulmonary  conditioning  using  both  the  natu- 
ral placenta,  and  in  the  younger  fetuses  the  CDML  system. 

Studies  in  the  clinical  application  of  ECCO  R  with  LFPPV  will  continue  at 
Milan,  the  HMD  studies  managed  by  Dr.  Pesenti,  and  ARDS  studied  by  Dr.  Gatti- 
noni.  Studies  on  chronic  hypercapneic  COPD  have  been  initiated  at  the  University 
of  Pisa,  Italy,  using  the  CDML  in  chronic  extracorporeal  bypass. 
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Objectives: 

To  continue  development  of  techniques  and  applications  of  a  method  of 
continuously  measuring  the  blood  flow  through  small  regions  of  tissue  by 
analysis  of  the  spectrum  of  coherent  light  which  is  doppler-scattered  from 
red  blood  cells  in  the  tissue  of  microcirculation.   The  instrument  has  been 
shown  to  be  capable  of  indicating  surface  blood  flow  in  skin,  muscle, 
kidney,  liver,  spleen,  brain,  and  gastric  and  intestinal  wall.   Research 
applications  in  vascular  physiology  and  pharmacology  have  been 
demonstrated.   Clinical  applications  to  the  study  of  peripheral  vascular 
disease,  burns  and  grafts,  monitoring  tissue  perfusion  at  surgery  and  under 
the  influence  of  anesthesia  are  being  examined.   Specific  objectives  at 
this  stage  are  the  final  development  of  the  instrument  and  demonstration  of 
applications  to  a  variety  of  experimental  and  clinical  problems. 

Methods: 

Instrument  Development 

The  apparatus  for  monitoring  tissue  blood  flow  is  continuing  to  be  improved 
and  has  been  made  compact  and  portable  such  that  clinical  and  laboratory 
mesurements  are  conveniently  made.   Through  collaboration  with  Dr.  Robert 
Bonner,  BEIB,  we  have  conducted  detailed  analysis  of  the  doppler  spectrum 
and  optimized  the  instruments  linear  response  to  blood  flow  in  skin,  kidney 
and  muscle  tissue.   We  have  found  that  a  more  sensitive  linear  measure  of 
blood  flow  can  be  obtained  by  calculating  the  normalized  first  moment  of 
the  Power  spectrum  or  the  mean  frequency.  We  have  incorporated  a  fiber 
optic  probe  into  our  system.   This  probe  efficiently  transmits  the  laser 
light  to  the  subject  and  the  back  scattered  light  to  the  detection  system 
while  providing  remotes  flexible  attachement  to  the  patient.  We  have  also 
reduced  the  size  and  expense  of  the  instrument  by  using  a  new  photodiode 
detection  system  in  place  of  the  photomultiplier .   The  potential  and 
feasibility  of  using  the  new  solid  state  Lasing  diode  as  an  alternative 
light  source  will  be  investigated. 

Major  Findings: 

1.  The  new  method  of  calculating  flow,  the  normalized  first  moment  of  the 
power  spectrum  or  mean  frequency,  appears  to  be  a  very  sensitive  indicator 
of  tissue  blood  flow. 

2.  We  are  able  to  resolve  the  wave  form  of  the  pulsatile  flow  in  tissue. 

3.  We  are  now  able  to  measure  flow  in  a  wide  variety  of  tissues.  We  have 
normalized  our  flow  parameters  to  the  power  of  the  light  backscattered  from 
the  tissue  and  have  made  the  device  relatively  insensitive  to  changes  in 
tissue  color. 

4.  The  fiber  optic  probe  has  greatly  improved  the  flexibility  of  the 
instrument  and  facilitated  remote  attachment  to  the  patient. 
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5.   Two  clinical  protocol  exist  for  studies  within  NIH. 

We  are  now  measuring  dynamic  blood  flow  changes  in  a  variety  of  tissues 
including  thermal  reactivity,  reactive  hypermia  and  excercise  hypermia  as 
potential  indicators  of  normal  and  diseased  states. 

We  are  able  to  assess  the  relative  blood  flow  in  muscle  tissue.   This  has 
been  demonstrated  in  aniaml  models  as  well  as  in  exposed  human  muscle 
during  biopsy.   The  instrument  has  been  used  to  measure  supraorbital  blood 
flow  as  a  possible  indicator  of  altered  flow  in  carotid  artery  occlusive 
disease.   These  studies  could  lead  to  conclusions  on  the  relationship  of 
blood  flow  to  abnormal  states. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Laser  doppler  spectroscopy  is  a  promising  method  of  studying 
microcirculation  of  tissues. 

It  has  potential  applications  not  only  in  the  laboratory,  but  in  the 
clinical  study  of  the  peripheral  vascular  disease,  the  screening  of 
vasoactive  drugs,  and  the  monitoring  of  patients  with  unstable  circulatory 
systems . 

Proposed  Course: 

1.  Continue  development  of  the  instrument  in  collaboration  with  BEIB  or 
industry. 

2.  Cooperate  in  clinical  trials  to  establish  the  instrument  as  a  useful 
clinical  dianostic  tool. 

Publications: 

None. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Luminescence  methods,  especially  fluorescence  spectroscopy,  are  uniquely  suitec 
for  studying  certain  biomedical  problems.   The  areas  investigated  were: 
1.   The  activation  and  inhibition  of  phospholipase  activity,  as  studied  by  a 
dye-liposome  fluorescence  assay.   2.   The  toxicity  of  retinoic  acid  analogs, 
as  studied  by  fluorescence  polarization  of  a  membrane  probe.   3.   Energy 
transfer  between  different  sites  on  serum  albumin.   4.   The  kinetics  of 
labeling  of  proteins  and  amino  acids  by  the  o-phthaldialdehyde  reagent. 
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Objectives :   The  purpose  of  the  project  is  to  apply  fluorescence  methods  to 
problems  of  interest  in  biomedical  research,  thus  demonstrating  the  usefulness 
of  some  of  the  methods  which  were  developed  in  this  laboratory,  and  stimulating 
further  methodological  developments.   In  so  doing,  problems  of  intrinsic  in- 
terest are  elucidated. 

Methods  Employed:   Chemical  specimens  were  purified  in  the  laboratory  or 
supplied  by  collaborators.   The  fluorescence  measurements  of  quantum  yield, 
Spectra,  lifetimes,  and  polarization  were  performed  on  modified  commercial 
instruments.   Stopped-flow  kinetics  were  performed  with  units  designed  with 
the  aid  of  Dr.  Berger  of  this  laboratory.   Computer  calculations  were  done  on 
the  PDP-10  computer. 

Major  Findings: 

1.  The  program  to  investigate  membrane  effects  of  retinoids  in  collaboration 
with  Dr.  Meeks,  LCP/NCI,  was  continued.   Rat  erythrocyte  ghosts  were  labeled 
with  a  membrane  probe,  diphenylhexatriene  (DPH) .   The  DPH  fluorescence  polar- 
ization is  inversely  proportional  to  membrane  fluidity,  and  it  was  found  that 
there  was  a  good  correlation  between  the  effectiveness  of  retinoids  in  increa- 
sing fluidity,  and  their  toxicities.   Light  scattering  experiments  showed  that, 
although  membrane  fluidity  was  dramatically  increased  by  retinoids,  there  was 
no  corresponding  change  in  light  scattering,  as  one  would  expect  if  the  mem- 
brane was  being  dissolved  by  a  detergent-like  material.   A  detailed  report 

of  these  findings  has  been  submitted,  and  another  paper  dealing  with  the 
correlation  between  toxicity  and  probe  depolarization  also  has  been  submitted. 

2.  Serum  albumins  are  important  transport  and  osmotic  pressure-maintaining 
blood  proteins  whose  structures  have  been  under  study  for  many  years.   Human 
serum  albumin  contains  about  580  amino  acids  in  a  single  chain,  whose  sequence 
is  now  known.   However,  the  three-dimensional  structure  has  not  yet  been  elu- 
cidated by  X-ray  crystallography.   There  are  several  sites  of  interest  in  the 
protein:   1  -  The  site  of  the  single  tryptophan  residue.  2  -  There  is  a  single 
free  sulfhydryl  group.   3  -  There  is  a  site  for  binding  billirubin.   4  - 
There  are  additional  sites  for  binding  fatty  acids,  metal  ions,  etc.   These 
sites  are  not  identical,  and  it  is  possible  to  investigate  the  distance  be- 
tween them  using  the  technique  of  fluorescence  energy  transfer.   We  have 
approached  the  problem  by  using  tryptophan  as  energy  donor,  and  attaching 
various  dyes  to  the  free  sulfhydryl  group  as  acceptor.   Using  Forster's 
theory  of  resonance  energy  transfer,  we  estimate  the  distance  between  the 
sites  to  be  about  24  Angstroms.   The  distance  between  the  sulfhydryl  group 
and  the  billirubin  site  is  being  investigated  using  the  attached  dye  on  the 
sulfhydryl  as  donor,  and  bilirubin  as  accentor.   A  variety  of  dyes  will  be 
used  to  rule  out  untoward  idiosyncrasies  of  any  given  dye. 

3.  We  have  continued  the  study  of  phospholipase  activity  and  related  pheno- 
mena using  the  assay  system  consisting  of  liposomes  containing  a  concentrated 
dye  solution.   The  dye,  6-carboxyf luorescein  (6CF) ,  is  largely  non-fluorescent 
until  released,  due  to  concentration  quenching.   Spectral  analysis  done  here 
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suggests  that  the  concentration  quenching  is  due  to  dimer  formation  and  energy 
transfer  to  the  dimers.   When  the  lecithin  liposomes  are  subjected  to  hydro- 
lysis by  phospholipases,  fluorescence  is  markedly  enhanced  thus  providing  a 
convenient  assay  of  activity.   Stopped-flow  measurements  where  dye-liposomes 
are  mixed  with  ethanol  show  that  the  fluorescence  increase  is  instantaneous, 
and  not  limited  by  diffusion.   It  has  also  been  found  that  phospholipase  C 
and  pancreatic  phospholipase  A  are  inhibited  by  serum  albumin,  while  the 
liposome  lysis  by  snake  venom  phospholipases  is  enhanced  by  serum  albumin. 
There  are  interesting  mechanistic  and  teleological  implications  of  these 
findings.   Mellitin,  which  is  a  polypeptide  found  in  bee  venom,  is  very 
effective  in  lysing  the  liposomes.   Less  than  1  mellitin  molecule  per  100 
lecithin  molecules  results  in  essentially  complete  release  of  dye. 

One  paper  has  been  prepared  and  is  currently  under  review. 

4.  We  have  continued  work  on  our  observation  that  certain  enzjrmes  are  acti- 
vated or  inhibited  by  phosphatidylcholine,  or  lecithin,  since  lecithin  is  the 
major  component  of  most  biological  membranes,  this  observation  may  be  rele- 
vant to  mechanisms  of  control  over  enzyme  activity.   We  have  supplemented  the 
previous  observations  by  examining  the  effects  of  a  series  of  phosphatidyl- 
cholines of  different  chain  length,  as  well  as  other  phospholipids.   The 
actual  association  of  enzymes  such  as  alcohol  and  glutamate  dehydrogenases 
with  lipids  has  shown  by  measuring  the  intrinsic  and  extrinsic  fluorescence 
of  the  enzymes  as  a  function  of  added  lipid.   These  results  will  shortly  be 
ready  for  inclusion  in  a  paper. 

5.  Using  stopped-flow  kinetic  measurements,  we  have  extended  previous  obser- 
vations on  the  rate  of  reaction  of  o-phthaldialdehyde  with  various  amines. 
Previously  we  had  measured  the  rate  of  reaction  with  a  number  of  amino  acids, 
and,  with  Elly  Trepman,  have  submitted  a  paper  with  those   results.   Now  we 
have  looked  at  the  reaction  rate  with  some  di-amines  and  proteins.   The  di- 
amines react  in  two  steps,  which  can  be  resolved  since  the  second  fluorescing 
group  quenches.   The  proteins  react  with  different  rates,  reflecting  the 
different  number   and  accessibility  of  reactive  groups.   Analysis  of  such 
data  will  hopefully  provide  information  on  accessibility  and  conformational 
changes  brought  about  by  different  agents. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  present  studies  advance  the  basic  understanding  of  certain  biological 
systems  of  importance  to  medicine;  e.g..  Vitamin  A  and  its  toxicity,  the 
action  of  phospholipases,  and  the  structure  of  human  serum  albumin.   Such 
studies  are  consistent  with  the  policy  of  the  institute  in  furthering  elu- 
cidation of  biological  processes. 

Proposed  Course:   Much  of  the  work  described  has  already  been  included  in  papers 
which  are  under  review;  the  completion  of  the  publication  process  will.be  of 
high  priority.   We  intend  to  continue  work  on  the  energy  transfer  project, 
which  is  currently  yielding  good  results.   The  stopped-flow  kinetics  on  label- 
ing of  proteins  with  fluorescent  dyes  will  be  continued,  as  this  seems  to  be  a 
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unique  method  for  studying  macromolecular  structure. 

Publications: 

1.   Trepman,  E.  and  Chen,  R.F. :   "Fluorescence  Stopped-Flow  Study  of  the 
o-Phthaldialdehyde  Reaction",  Arch.  Biochem.  Biophysics,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1.  The  purity  of  human  serum  albumin  has  been  studied.   Commercial  preparationi^ 
differ  in  their  fluorescence  spectra,  quantum  yields,  and  fluorescence  decay 
parameters.   Removal  of  impurities  alters  these  properties.   These  findings 
are  relevant  to  the  use  of  human  serum  albumin  in  optical  studies. 

2.  Fluorescence  depolarization  measurements  have  commonly  been  made  on  protein; 
to  determine  their  size  and  shape.   We  have  investigated  the  use  of  the  protein^' 
native  ultraviolet  fluorescence  for  this  purpose  instead  of  the  fluorescence 
of  attached  dyes.   The  results  suggest  that  the  use  of  dyes  is  not  always  ne- 
cessary, reasonable  results  can  be  obtained  with  the  intrinsic  fluorescence, 
although  caution  must  be  taken  to  factor  out  the  independent  rotary  motion  of 
the  indole  groups. 
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Objectives:   The  purpose  of  the  project  is  to  develop  methods  relating  to 
fluorescence  spectroscopy  as  applied  to  biomedical  research.   In  this  way  we 
enhance  the  usefulness  of  fluorescence. 

Methods :   The  instrumentation  used  to  obtain  fluorescence  parameters  are 
those  which  have  been  developed  in  this  laboratory  over  the  years.   In  addi- 
tion, we  have  collaborated  with  Dr.  Vaughn  Koester  of  the  Physiology  Depart- 
ment, University  of  Texas  Health  Science  Center,  Dallas,  Texas,  who  has  made 
fluorescence  decay  measurements  with  a  picosecond,  frequency  doubled,  tunable, 
synchronously  pumped  dye  laser  system. 

Major  Findings: 

1.  The  fluorescence  characteristics  of  12  commercial  samples  of  human  serum 
albumin  were  examined  before  and  after  treatment  to  remove  bound  impurities. 
The  emission  spectra  of  the  untreated  samples  varied  in  shape,  and  the  rela- 
tive quantum  yields  varied  widely  (standard  deviation  from  the  mean  was  26.4%). 
Dialysis  and  charcoal  treatment  (Chen,  1967)  minimized  the  spectral  differences, 
The  quantum  yields  still  varied  (15.3%  standard  deviation  from  the  mean). 

The  observations  could  be  explained  by  removal  of  fluorescent  impurities  from 
some  samples  and  nonf luorescent  (but  quenching)  impurities  from  other  samples. 
The  fluorescence  decay  kinetics,  using  the  picosecond  flash  method,  clearly 
showed  differences  between  the  samples.   Even  crystalline  samples  of  human 
serum  albumin  differed   in  properties.   The  paper  containing  these  observa- 
tions contains  a  caution  that,  as  a  minimum,  optical  studies  with  human  serum 
albumin  should  be  proceded  by  removal  of  impurities  by  charcoal  and  dialysis 
treatment. 

2.  Our  previous  work  with  Dr.  Oliver  Alabaster,  NCI,  which  demonstrated  and 
explained  an  artifact  in  the  Los  Alamos  cell  sorter  has   been  written  up  and 

is  in  press.   The  work  showed  that  fading  in  the  instrument  was  due  to  electro- 
lytic evolution  of  chlorine,  which  caused  bleaching  of  the  supravital  dye. 

3.  Fluorescence  polarization  is  related  to  the  Brownian  rotational  mobility 
of  a  fluorescent  substance.   The  method  was  developed  by  G.  Weber  to  determine 
the  rotational  properties  of  proteins  to  which  dyes  were  attached.   Normally, 
the  native,  or  intrinsic,  fluorescence  of  the  proteins  due  to  trytophan  groups 
is  not  used,  because  the  fluorescence  lifetime  is  usually  too  short.   With  the 
advent  of  more  accurate  measurements,  polarization  and  lifetime  measurement 
using  the  intrinsic  fluorescence  seem  feasible.   If  the  polarization  of  tryp- 
tophenyl  fluorescence  is  measured,  it  can  be  seen  that  the  tryptophan  must 
have  independent  mobility  superimposed  on  the  rotational  mobility  of  the  pro- 
teins as  a  whole.   To  separate  these  two  mobilities,  we  have  first  measured 
the  polarization  of  the  proteins  in  glycerol  at  low  temperatures;  here  the 
protein  is  essentially  immobilized,  but  tryptophan  still  rotates  within  the 
protein  interior.   The  amount  of  depolarization  due  to  the  protein  can  then 

be  inferred.   The  advantage  of  this  method  of  studying  protein  size  and  shape 
is  that  the  need  for  an  added  dye  is  abolished,  and  the  tryptophan(s)  are 
randomly  oriented  with  respect  to  the  protein  axis. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 


The  first  spectrof luorometer  was  developed  in  this  institute  some  25  years 
ago,  and  the  laboratory  has  continued  the  tradition  of  fluorescence  by  deve- 
loping methods  which  make  the  technique  more  useful.   Our  work,  which  deals 
with  purity  of  proteins  for  fluorescence  work,  elucidation  of  artifacts  in 
the  fluorescence  flow  cell  sorter,  and  the  fluorescence  depolarization  of 
proteins,  carries  on  that  tradition. 

Proposed  Course;   The  depolarization  data  already  obtained  can  be  completed 
in  a  short  time  and  will  show  how  to  separate  out  various  rotational  motions 
in  proteins.   The  purity  of  serum  albumins  is  of  interest  to  many  people,  and 
we  already  have  much  data  on  bovine  and  other  species'  albumins  in  addition 
to  that  obtained  for  human  serum  albumin.   This  work  can  be  extended. 

Publications : 

1.  Chen,  R.F.  and  Koester,  V.J.:   Fluorescence  Properties  of  Human  Serum 
Albumin:   Effect  of  Dialysis  and  Charcoal  Treatment,  Analytical  Biochemistry 
in  press. 

2.  Alabaster,  0.,  Glaubiger,  D.L. ,  Hamilton,  V.T.,  Bentley,  S.A.,  Shackney, 
S.E.,  Skramstad,  K.S.  and  Chen,  R.F. :   "Electrolytic  Degradation  of  DNA 
Fluorochromes  During  Flow  Cytometric  Measurement  of  Electronic  Cell  Volume", 
J.  Histochem.  Cytochem.  28,  330-334,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Nuclear  magnetic  resonance  flow  methods  have  been  developed  to  measure 
blood  flow  in  perepheral  vessels  using  magnetic  markers  for  venous  flow  or 
self  tag  methods  for  pulsatile  flow.   Specific  vessels  are  tuned  in  by  a 
"ranging"  method  whereby  a  sensitive  region  is  localized  by  the  interaction  of 
external  magnetic  fields. 

Several  NMR  signal  enhancement  systems  are  being  investigated  to  increase 
the  sensitivity  of  the  method  based  on  observations  of  double  resonance 
phenomena  whereby  short  relaxation  time  materials  i.e.  rubber  surrounding  the 
proton  signal  sample,  couple  with  the  flow  proton  signal  to  improve  the  S/N 
ratio.   Similar  systems  utilizing  NMR  coupled  to  electron  spin  resonance  are 
also  being  investigated. 

Flow  signals  from  specific  blood  vessels  within  the  brain  have  been 
localized  by  a  "ranging"  method  and  detected  by  rtes^lft^|meth^d^   ^^  ^^^^y 

Detection  systems  at  high,  low,  and _ weak Jlelds^have^^  ^^   ^^^^^h 


the  time  limits 

I'HS-eOAO 
(Rev.  10-76) 


systems  at  high,  iow,  ana  wt.ct.v  ^^^^"-^  ""r;^"  ^^   blood^ 
of  detectability  of  proton  magnetic  markers  in 


^fdf 


ZOl  HL  01411-14  LTD 


Project  Description 

The  objective  of  this  project  is  to  develop  a  system  that  can  measure 
changes  in  cerebral  blood  flow  useful  to  the  problem  of  determining  who 
is  at  risk  for  stroke  or  circulatory  limitations  of  function.   The  system 
has  the  potential  to  measure  cerebral  perfusion  and  changes  in  perfusion 
in  specific  selectable  portions  of  the  brain  without  Including  flow  in 
overlying  structures.   No  injection  or  radioactivity  is  used  and  all  the 
modalities  used  are  harmless  and  can  be  repeated  as  often  as  needed. 

Methods  Employed 

As  a  continuing  project  several  systems  are  being  investigated  to  select 
the  most  practical  one.   Protons  in  the  blood  are  easily  detected  by  NMR 
methods  and  variations  in  their  magnetic  properties  produced  by  flow  form 
the  basis  for  flow  measurements.   A  relatively  slow  relaxation  time  of 
proton  induction  is  the  basis  for  dynamic  marking  by  magnetic  fields. 

Several  methods  of  flow  measurement  have  been  developed  and  published 
using  these  dynamic  markers  either  induced  or  passive  and  demonstrated  to 
be  effective  and  sensitive  for  peripheral  blood  flow  but  effective 
measurements  localized  to  an  internal  portion  of  the  brain  in  the  intact 
human  head  have  just  recently  been  accomplished. 

The  demonstration  was  accomplished  by  our  contract  facility  at  the 
Medical  College  of  Wisconsin  where  the  installation  of  a  large 
superconducting  magnet  provides  the  large  magnetic  field  necessary  for 
these  experiemnts. 

The  method  utilizes  detection  by  systems  of  projected  fields  derived  from 
flat  crossed  coil  configurations  developed  over  the  past  project  years 
and  the  development  of  a  "null"  field  region  to  localize  the  sensitive 
volume  in  a  spce  that  is  projected  inside  the  head  to  limit  the  detection 
conditions  to  the  locale  of  a  specific  artery. 

Signals  and  measurements  have  been  demonstrated  from  the  middle  cerebral 
artery  and  also  demonstrated  for  vessels  over  the  heart,  and  vessels  in 
the  leg.   Some  preliminary  measurements  on  patients  confirmed  known 
clinical  blood  flow  deficiency  with  the  in  depth  ranging  method. 

In  a  continuing  effort  to  use  a  system  based  on  premagnetized  blood  being 
demagnetized  in  a  specific  cerebral  volume  to  evaluate  the  regional  flow 
we  are  investigating  various  signal  enhancement  ideas  which  should  make 
it  possible  to  discriminate  the  small  signal  changes  that  would  persist 
after  the  relatively  long  transit  time  through  the  brain. 
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The  signal  enhancement  systems  are  based  on  double  resonance  effects  that 
have  been  noted  when  two  resonating  systems  couple  to  effectively  filter 
or  narrow  the  bandwidth  of  the  signal  and  effectively  increase  the 
detectability  or  signal-to-noise  ratio. 

Efforts  to  couple  the  short  relaxation  of  rubber  protons  to  the  protons 
in  the  flowing  stream  have  demonstrated  significant  enhancement  and 
suggest  the  possibility  of  similar  but  greater  enhancement  of  the 
electron  spin  resonance  of  a  paramagnetic  sample  were  coupled  to  the 
proton  resonance.   In  the  ESR  system  a  magnetic  field  of  23.4  gauss,  the 
ESR  frequency  is  about  65  mHz  and  the  NMR  frequencies  is  100  KHz. 

Efforts  to  obtain  enhancement  indicated  deficiences  in  the  electronics 
which  will  be  corrected. 

In  addition  further  exploration  of  the  limitations  imposed  by  the  short 
relaxation  time  of  blood  at  low  fields  and  frequencies  due  to  the 
interaciton  of  protein  dipoles  will  be  explored  to  find  either  a 
frequency  "window"  or  sufficient  signal  from  free  protons  that  do  not 
interact  with  the  dipoles. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  need  for  a  harmless  method  for  studying  the  status  of  the  cerebral 
circulation  in  the  apparently  healthy  individual  has  precluded  any 
studies  of  the  early  course  of  cerebral  atherosclerosis  or  other  changes 
leading  to  cerebral  atrophy.   In  addition  any  early  therapy  or 
environmental  change  could  not  be  followed  over  a  long  time  course 
without  a  very  low  morbidity  hazard. 

Proposed  Course: 

In  LTD  the  development  of  signal  enhancement  and  sensitivity  methods  will 
be  continued.   The  contract  program  at  the  Medical  College  of  Wisconsin 
has   completed   the  development  of  a  concept  and  method  for  cerebral  flow 
by  the  ranging  technique.   Delays  in  apparatus  and  supplies  limited  the 
work,  so  that  the  contract  while  complete  in  concept  has  in  no  way  become 
non-productive . 

As  the  contracts  with  Medical  College  of  Wisconsin  have  assembled  a 
scientific  staff,  superconducting  magnet  facilities,  and  an  interaction 
with  neurosurgical  and  nuerophysiological  facilities  for  further  studies, 
the  laboratory  plans  to  recommend  intramural  contract  support  for  the 
continued  development  of  the  system  and  for  the  conduct  of  tests  of  the 
effectiveness  of  the  method  for  measurements  of  intracerebral  blood  flow 
in  humans  and  primates . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

An  improved  ball  mixer  has  been  developed  which  will  hopefully  reduce  the 
mixing  heat  artifact  by  at  least  a  factor  of  ten.   Thin^iM .  gengor, 
development  has  continued  with  theoretical  models  set  up  to  test  potential 
barrier  designs  which  should  greatly  improve  the  stability  and  reproducibility 
of  these  devices.   Anew  observation  chamber  has  been  constructed  for  the  high 
speed  stopped-flow  apparatus.   After  several  hundred  experiments  it  still  does 
not  leak.   Fiber  optic  light  guides  have  been  used  to  eliminate  the  optical 
distortion  produced  at  stopping  due  to  vibration.   Ca+EGTA  and  CO  +  Hemoglobin 
have  been  used  as  test  reactions.   A  dual  wavelength.  660  and  900  nm  de^ectiaiL 
head  for  the  laser  flash  photolysis  apparatus  has  been  put  into  operation. 
Identical  rate  constants  were  found  for  7mM  (in  Fe)  HbCO  at  both  660  and  900nm 
[1.6  +  10^  M~^sec~l]  in  a  2mm  optical  path.   Flash  was  IJ  at  580nm. 
The  reaction  of  Ca(+2)  or  Li(+1)  with  Cryptand  211  has  been  studied  using  the 
thermal  stopped  flow  apparatus.   Results  indicate  a  fast  ^i-^nolecular  initial 
binding-step  flowed  by  a  slower  isomerization  reaction.   Both  rates  and  H  s 
are  measured  simultaneously. 
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Project  Description 

Objectives: 

The  objectives  of  this  project  are  to  develop  new  instrumentation 
methods,  data  handling  techniques  and  theoretical  treatments  for  the 
physiochemical  study  of  the  thermodynamics,  kinetics  and  thus  the 
mechanisms  of  enzyme  action  in  solution  and  in  the  intact  cell  or  cell 
membrane.   In  particualr,  to  develop  methods  and  instruments  to  study,  in 
collaboration  with  other  laboratories,  the  reactions  of  hemoglobin  with 
the  respiratory  gases  both  in  normal  state  as  modified  by  the  changes  of 
physical  factors,  small  molecules,  various  metabolites,  and  genetically, 
such  as  in  sickle  cell  anemia.  The  reactions  of  various  cellular 
enzymes,  particularly  ATPase,  lactate  dehydrogenase,  and  2-3DPG  and  their 
interactions  and  control  in  the  cell  are  studied  as  they  relate  to  the 
hemoglobin  reactions  in  cardiology,  pulmonary  and  respiratory  function, 
and  circulation.   Where  appropriate  analytical  methods  are  developed  for 
research  and  clinical  application. 

Methods  Employed: 

The  methods  used  in  the  investigation  of  the  mechanisms  of  enzjrme  action 
are  those  of  pre-steady  state  chemical  kinetics  and  thermodynamics. 
Measurements  of  the  appropriate  parameters  are  made  by  developing  the 
necessary  equipment  to  mix  solutions  rapidly  and  follow  the  course  of  the 
resulting  chemical  reaction  by  optical,  thermal,  glass  electrode,  etc., 
detectors.   In  general,  equipment  is  not  available,  either  in  the 
literature  or  commercially,  for  investigations  in  this  area.   Such 
apparatus  is  conceived  and  designed  in  this  laboratory,  together  with 
consultants,  construction  being  carried  out  wherever  most  appropriate; 
i.e.,  in  our  shops  or  by  commercial  firms,  special  university  facilities, 
or  at  several  special  research  laboratories  such  as  the  Jet  Populsion 
Laboratory.   In  pursuing  these  investigations,  a  wide  variety  of  physical 
parameters  must  be  studied,  which  leads  to  the  need  for  an  understanding 
of  the  underlying  physical  theory  governing  the  reactions.   Expert 
consultants  and  collaborators  are  brought  in  to  assist  in  the  design, 
analysis,  and  evaluation  of  the  equipment,  particularly  as  it  is  applied 
to  certain  specific  enzyme  systems  under  investigation. 
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Major  Findings: 

Flow 

A  substantial  improvement  to  the  high  speed  stopped  flow  apparatus  has 
been  achieved.   A  leakage  of  reactants  from  the  apparatus  through  the 
observation  window  to  observation  chamber  seal  has  been  eliminated.   This 
problem  was  a  serious  drawback  to  routine  operation  of  the  apparatus 
since  the  leakage  was  in  the  optical  absorption  path.  A  complete 
redesign  of  the  observation  window  to  chamber  seal  was  performed  with 
highly  successful  results. 

The  flash  photolysis  apparatus  has  been  used  in  conjunction  with  a  high 
speed  dual  wavelength  detector  to  observe  the  kinetics  of  carbon  monoxide 
binding  to  hemoglobin  at  a  concentration  of  7mM.   The  detector  has  two 
observation  wavelengths  at  660  nm  and  900  nm  and  consists  of  a  pair  of 
LED's  which  are  detected  by  an  integrated  photodetector/amplifier  package 
(EG^  HAD  1000).   Recombination  kinetics  have  been  observed  with  a  rate 
constant  of  1.2x10^  M"-'-  s"-^  in  agreement  with  published 
results. 

A  thermistor  modification  to  the  Aminco-Morrow  stopped  flow  apparatus  has 
been  completed.   A  7  msec,  response  time  thermistor  was  incorporated  into 
the  Aminco-Morrow  with  a  minor  modification  to  the  observation  chamber. 
Chemical  kinetics  with  half  lives  to  15  msec,  have  been  measured  with  a 
sensitivity  of  lm°C.   A  test  reaction  of  IM  NaHC03  to  .05M  HCl  was 
performed  and  compared  favorably  with  the  optical  curve. 

The  thermal  stopped  flow  (TSF)  was  tested  for  its  suitability  as  a 
monitor  of  ion-ligand  (e.g.  protein)  interactions.   A  test  chemical 
system  was  needed  which  fulfilled  several  requirements:   i)  the  ligand 
molecule  had  to  exhibit  complexation  properties  similiar  to  the 
metallo-protein  interactions;  ii)  the  kinetics  of  complexation  must 
follow  the  general  reaction  scheme  A+bJ  cJ  D;  iii)  the  relaxation  (rate) 
has  to  occur  within  the  stopped-flow  time  regime;  and  iv)  at  least  one 
reaction  have  a  small  AH  (<lkcal/mole) . 

A  class  of  compounds  known  as  synthetic  raultidentate  llgands  fulfill  all 
of  the  above  requirements  and,  within  this  class,  the  cryptands  are  one 
of  the  more  interesting  species.   Cryptands  are  two-ringed  macrocycles 
containing  both  nitrogen  and  oxygen  atoms  (with  bridge  head  nitrogen 
atoms) .   These  ligands  form  stable  complexes  since  the  complexed  ion  is 
contained  within  the  central  molecular  cavity  of  the  macrobicyclic 
ligand.   These  cryptands  also  exhibit  a  remarkable  selectivity  based  upon 
the  radius  of  the  ion,  however  very  little  is  known  about  the  mechanism 
of  ion-complexation,  due  to  a  lack  of  a  suitable  probe  available  with 
which  to  monitor  the  extent  of  reaction.   For  these  reasons  it  was  felt 
this  would  be  a  suitable  system  with  which  to  test  the  TSF. 
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The  binding  of  lithium(+l)  and  calcium(+2)  ions  to  the  cryptand 
211(4,7,13,18-tetraoxa-l,10-diozabicyclo(8,5,5)  eicosane)  as  investigated 
in  aqueous  media  at  25.0°  C.   The  solutions  were  buffered  at  pH  11.4 
(piperidine-HCl  buffer  system),  where  effects  from  the  acid-catalyzed 
decomplexation  is  minimal,  and  a  high  percentage  concentration  of  the 
cryptand  is  in  the  unprotonated  form.   The  ionic  strength  was  maintained 
(with  buffer)  at  O.IM.   Concentration  ranges  of  metal  ion  and  cryptand 
were  from  3.5-50mM,  after  mixing.   Over  this  concentration  range  both 
Li(+1)  and  Ca(+2)  exhibited  a  minimum  of  two  relaxations.   For  Li(+1) 
complexation,  a  fast  reaction  occurred  within  the  dead  time  of  the 
appartus,  followed  by  a  slower  and  measurable  heat  change.   In  the  case 
of  Ca(+2)  there  is  a  biphasic  reaction  occurring  after  stopping  with  near 
equal  but  opposite  heats.   For  both  ions  no  reaction  was  observed  when 
either  metal  ion  or  211  was  absent.   A  test  for  a  concentration 
dependence  revealed  that  (for  both  ions)  the  slower  reaction  was  strictly 
first-order,  while  for  Ca(+2)  the  faster  (endothermic)  reaction  best 
fitted  a  second-order  concentration  dependency.   It  would  appear 
therefore  that  a  possible  mechanism  is: 

mN+  +  L  J(mN+L)1  J(ML)N+  (1) 

Reaction  scheme  1  is  similar  to  that  proposed  by  others,  but  includes  a 
subsequent  conformational  rearrangement  of  the  ligand  after 
ion-complexation. 

A  thorough  analysis  of  both  the  kinetic  and  thermodynamic  parameters  was 

undertaken.   We  were  able  to  evaluate  the  rate  constants  ki  and 

k_]^;  the  enthalpic  heats  of  each  individual  reaction  step  ^R^   and 

A H2  and  the  overall  heat  of  complexation  H;  the  equilibrium  constants 

¥•1   (=  k]^/k_]^)  and  K2  =  (k2/k_2);  and  the  entropies  of 

reaction  ^^   and  '^2*   Where  possible,  comparisons  were  made  between 

our  values  and  literature. 

Finallly  it  should  be  noted  that  during  this  study  several  improvements 
were  made  to  the  thermal  stopped  flow.   In  addition  several  areas  of 
improvement  such  as  use  of  a  DC  bridge,  "real-time"  signal  averaging,  and 
an  improved  ball  mixer  have  been  developed  and  are  undergoing  tests. 
This  unit  should  greatly  reduce  the  heating  artifact  by  a  factor  of  ten, 
and  allow  much  higher  flow  relocation  in  the  quench  flow  apparatus  before 
damage  occurs  to  the  sacroplasm  reticulum. 

Thin  Film  Temperature  Sensors 

Work  has  begun  on  fabrication  of  capacitive  M-I-S  structures  on  silicon 
material  in  which  deep  donor  levels  have  been  established.   These  levels 
will  be  created  by  introducing  impurities  into  the  silicon  by  means  of 
ion  beam  implantation.   The  impurity  material  will  be  chosen  such  that 
the  system  Fermi  level  lies  above  the  deep  impurity  level.   If  the 
positions  of  the  impurity  and  Fermi  levels  are  properly  established,  the 
capacitance  of  the  barrier  region  becomes  highly  temperature  sensitive. 
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The  I-layer  of  the  structure  will  be  produced  by  thermal  oxidation. 

The  Si  material  obtained  for  these  studies  is  N-type,  of  1-1-1 
orientation,  with  a  low  10^^  cm"^  impurity  level.   The  wafers 
were  polished  at  N.B.S.  using  the  facilities  of  the  semiconductor 
processing  group.   These  facilities  use  standard  polishing  and  cleaning 
techniques,  and  the  system  is  monitored  periodically  by  manufacture  of 
test  devices.   After  cleaning  and  dicing  into  1  cm  squares,  samples  were 
implanted  with  impurities  of  magnesium,  tellurium,  neodymium,  or  thulium. 
These  impurities  were  chosen  since  they  only  exhibit  a  single  impurity 
level  and  they  cover  a  convenient  range  of  0.1  to  0.3  eV  below  the 
conduction  band.   Implants  were  done  with  total  influences  of  lO-l-^  to 
10^6^  and  peak  densities  of  lO^^  to  10^1  cm~3.   Ohmic 

contacts  were  then  placed  on  the  back  side  of  the  wafers.   This  proved  to 
be  somewhat  of  a  problem,  since  the  Si  is  high-resistivity  material.  Low 
resistance  ohmic  contacts  were  finally  produced  by  first  doing 
low-temperature  drift  of  a  boron  solution  and  then  coating  with  aluminum. 
(High  temperature  drifts  for  ohmic  coating  would  interfere  with  the 
temperature-drift  studies  that  must  be  done  for  annealing  and  drifting 
the  ion-implanted  impurities.)   In  the  future,  ohmic  contacts  will  be 
established  on  the  back  before  ion  implanting.   The  samples  are  now  ready 
for  annealing  studies  at  temperatures  between  800  and  1100  deg.  C. 

In  addition,  we  have  located  some  special-purpose  commercial  Si  that  is 
indium-doped.   This  material  is  p-type,  but  also  possesses  shallow 
acceptor  impurity  levels.   These  have  been  carefully  compensated  for  by 
the  introduction  of  corresponding  shallow  donor  levels.   Capacitance  test 
patterns  are  now  being  placed  on  this  material  for  testing  as  a  possible 
temperature  sensor. 

The  modeling  of  the  physical  characteristics  of  the  barrier  region  has 
been  extended.   A  complete  derivation  will  not  be  given  here.   It  is 
interesting  to  note  that  the  temperature  sensitivity  of  the  barrier 
capacitance  is  independent  of  the  impurity  dopant  density.   (However,  the 
total  capacitance  of  the  device  varies  as  the  square  root  of  the  dopant 
density.)  Curves  of  the  temperature  coefficient  of  the  barrier 
capacitance,  alpha,  versus  the  potential  of  the  barrier  height  at  the 
semiconducting  surface,  psi,  have  been  determined.  The  quantity  (E-V)  is 
the  position  of  the  Fermi  surface  below  the  conduction  band. 

Work  on  fabrication  of  Zr02  M-I-M  capacitance  structures  in  a  new 
planar  geometry  is  proceeding.   The  new  mask  geometry  has  been  designed 
and  the  masks  fabricated.   Deposition  of  the  sensors  onto  the  substrates 
will  occur  at  the  first  oportunity  for  use  of  the  evaporator. 
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Proposed  Future  Work. 

The  fast  thermal  stopped-f low  apparatus  will  be  rebuilt  into  a  small  more 
compact  and  easier  to  use  unit.   Particular  emphasis  will  be  put  upon 
optimization  of  the  design  for  performance,  ability  and  ease  of  operation 
by  the  biochemists,  computer  coupled  control,  data  acquisition, 
correction  and  model  testing  on  line.   Work  will  continue  on  a  new 
multiple  mixing,  continuous  flow  system  to  be  used  with  acid  and  low 
temperature  quenching  and  filtration.   Completion  of  the  laser  flash  dual 
wavelength  system  will  be  carried  out. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

The  study  of  the  kinetics  of  chemical  and  enzyme-substrate  reactions  is  a 
widely  applied  field  yielding  important  information  for  interpreting  the 
mode  of  action  of  the  chemical  or  enzyme  under  study.   Continued 
development  of  the  response  and  the  sensitivity  of  different  sensors  and 
techniques,  eg.  thermal,  pH,  and  optical  methods,  enhances  the  ability  of 
an  investigator  to  probe  with  finer  detail  a  system  of  interest.   The 
particular  reactions  chosen  to  test  the  capability  of  the  instrumentation 
being  developed  are  of  immediate  significance:  binding  of  calcium  by  EGTA 
is  important  for  studying  muscle  contraction  kinetics,  studying 
hemoglobin-ligand  binding  studies  provide  information  for  understanding 
the  complex  action  of  this  molecule;  the  cryptand  study  is  a  fine  example 
of  a  reaction  which  can  only  be  observed  by  thermal  methods. 

Publications: 

1.  Bowen,  P.,  Balko,  B.,  Blevens ,  K. ,  Berger,  R.  L.,  and  Hopkins,  H.  P., 
Jr.:  Stopped  flow  microcalorimetry  without  adiabatic  compression: 
Application  to  reactions  with  Half-lives  between  3  and  50  ms. 
Analytical  Biochem.  102,  434-440,  1980. 

2.  Malyj,  M. ,  Smith,  P.D.,  Balko,  B. ,  and  Berger,  R. :  Thermal  kinetics 
using  a  modified  commercial  stopped  flow  apparatus.   Rev.  Sci.  Inst. 
1980,  in  press. 

3.  Balko,  B.,  Bowen,  P.,  Berger,  R.  L.,  and  Anderson,  K.:  Fast 
Stopped-Flow  Microcalorimeter,  Biophysical  and  Biochemical  Methods, 
in  press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
The  differential  batch  calorimeter  has  been  redesigned  to  eliminate 
cross-heating  between  cells.   Improved  thermostating  has  permitted  a  long  term 
stability  (i.e.  24  hours)  of  +  .2  ywatts  to  be  achieved.   The  rotational 
artifact  is  less  than  4  yjoules .   A  second  generation  digital  thermometer  has 
been  constructed  and  is  undergoing  tests.   A  new  thermistor  probe  has  been 
designed  to  go  with  it  so  that  the  absolute  temperature  in  a  1  cm  reaction 
cell  can  be  measured  to  +  0.01°C  referenced  to  the  International  Practical 
Temperature  Scale  of  1968  (IPTS-68).   The  differental  pH  -  thermal  titration 
apparatus  has  been  automated  under  computer  control  both  for  running  the 
experiment  and  collecting  the  data. 
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Objectives; 

An  understanding  of  the  fundamental  mechanism  of  biological  reactions 
requries  three  physical  factors  a)  the  kinetics,  i.e.  pathway  of  the 
chemical  reaction,  b)  the  thermodynamics  of  the  reaction,  i.e.,  what  energy 
is  available  and  how  does  it  change  from  one  state  to  another  and  c)  the 
stereochemistry  of  the  reactants.   This  project  addresses  b.   By  developing 
appropriate  instrumentation  to  study  heat  changes  a  deeper  insight  into  the 
mechanism  of  the  relevant  biochemical  reactions  involved  in  the  functions 
of  enzymes  and  cells  will  be  obtained.   Specifically  the  oxygen  and  CO2 
reactions  with  hemoglobin  are  studied. 

Methods  Employed; 

Initial  designs  are  constructed  in  this  laboratory  with  special  assistance 
from  commercial  firms  in  the  construction  of  sensors;  contracts  are  let, 
where  warranted,  for  the  development  of  completed  instruments  with 
refinements  that  would  tax  our  own  facilities.   The  instrument  is  then 
tested  in  conjunction  with  other  interested  biochemical  calorimetrists 
utilizing  appropriate  enzymatic  and  cellular  reactions. 

Major  Findings; 

The  differential  batch  microcalorimeter  has  been  redesigned  to  eliminate 
cross  heating  from  one  cell  to  the  other.   New  test  heaters  and  a 
controlled  power  pulse  generator  has  been  constructed  and  tested.   This 
unit  generates  the  seven  test  pulses  agreed  upon  by  the  Cadarache 
Thermokinetics  International  Conference  for  testing  mathematical  methods  of 
analyzing  the  output  of  calorimeters.   Analysis  is  presently  being  carried 
out  by  three  different  methods  including  the  Finite  Element  Simulation 
Technique  (FEST).   Considerable  effort  has  also  been  expended  in  analyzing 
the  heat  distribution  in  microcalorimeters  by  several  methods  with 
particular  emphasis  on  FEST  and  the  method  of  Laplace  transforms. 

The  differential  pH-thermal  apparatus  has  been  automated  by  utilizing  a 
microcomputer  to  drive  the  reactants,  sense  rate  of  chage  of  pH  and  adjust 
delivery  rate  to  keep  pH  change  within  present  limits  per  second. 
Multichannel  data  collection  is  checked.   Thermal  data  correction  is  then 
carried  out  and  a  special  FEST  program  used  in  conjunction  with  the  curve 
fitting  part  of  MLAB  to  obtain  the  pH's  and ^  Hi's.   All  of  this  is  done  on 
the  microcomputer. 

A  new  digital  thermistor  linearizer  has  been  constructed  which  is  small 
enough  to  sit  on  the  laboratory  bench.   It  only  samples  the  temperature  at 
one  or  more  second  time  intervals  but  it  does  compute  the  standard 
deviation  and  mean  temperature  of  100  samples  if  desired.   A  new  thermistor 
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small  enough  to  go  in  a  1  cm  cuvette,  i.e.  1.5  mm  in  diameter,  has  been 
constructed  and  will  soon  undergo  long  term  stability  tests.   It  is  hoped 
this  will  supply  a  long  needed  laboratory  temperature  standard  referenced 
to  NBS  (IPTS-68).   Work,  has  continued  on  the  glucose  monitor  with  a  new 
immobilizing  method  having  been  achieved  which  appears  to  have  long  term 
stability  in  isotonic  saline  solution.   A  new  digital  bridge  is  being 
designed  to  utilize  these  devices  and  give  the  needed  long  term  stability 
and  accuracy  required  for  in  vivo  glucose  mesurements. 

Proposed  Course: 

A  new  differential  calorimeter  will  be  tested  and  applied  to  a  number  of 
biochemical  reactions.   In  addition  an  attempt  will  be  made  to  operate  it 
in  a  scanning  mode  to  study  the  intra-molecular  forces  in  the  folding  of 
proteins.   Work  will  continue  on  the  flow  microcalorimeter  and  the 
Differential  pH  apparatus.   The  digital  thermometer  will  be  given  full 
tests  at  both  NBS  and  CDC. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

An  understanding  of  the  basic  mechanisms  by  which  enzyme  catalyzed 
reactions  carry  out  the  vital  processes  of  life  is  of  fundamental 
importance.   A  necessary  part  of  this  understanding  is  provided  by  a 
measurement  of  the  thermodynamics  of  the  reaction.   This  will  ultimately 
lead  to  enhancement  of  our  ability  to  prevent  and  treat  the  heart,  lung, 
and  blood  ills  the  Institute  is  charged  with. 

Publications: 

1.  Marini,  M.  A.,  Martin,  C.  J.,  and  Berger,  R.  L.:   Calorimetric 
Determination  of  the  Enthalpy  of  Ionization  of  Oxidized  and  Reduced 
Horse  Heart  Cytochrome  c.  Biopolymers,  Vol.  19,  899-911,  1980. 

2.  Marini,  M.  A.,  Marti,  G.  E.,  Berger,  R.  L.,  and  Martin,  C.  J.: 
Potentiometric  Titration  Curves  of  Oxidized  and  Reduced  Horse  Heart 
Cytochrome  c.  Biopolymers,  Vol.  19,  885-898,  1980. 

3.  Berger,  R.  L.,  et.  al . :  A  Digitally  Linearized  Thermistor  Thermometer 
Referenced  to  IPTS-68,  Clin.  Chem.,  in  press. 

4.  Marini,  M.  A.,  Martin,  C.  J.,  and  Berger,  R.  L.:  An  Evaluation  of  the 
Average  Heats  of  Ionization  of  Reduced  and  Oxidized  Horse  Heart 
Cytochrome  c.  Anal.  Letters  12(B11),  1137-1147,  1979. 


/oo-x. 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  HL  01415-07  LTD 


PERIOD  COVERED 


October    1,    1979    to   September  30,    1980 


TITLE  OF    PROJECT   (80  characters   or   less) 
Italy   -  U.    S.    Cooperative   Science  Program  -   Blood  Gas   Instruments,    Project   78 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


P.I. 


R.  L.  Berger      Chief,  Biophys .  Inst.  Section  LTD    NHLBI 

L  Rossi  Bernardi   Professor  of  Biochemistry  U.  of  Milan 
R.  Winslow        Chief,  Red  Cell  Diseases  CDC 

C.  Monge  Senior  Fogarty  Scholar  FIC    NIH 

Dir.  Clinical  Computer  Science  U.  of  Milan 

Electrical  Engineer  BEIB   DRS 

Mechanical  Engineer  BEIB   DRS 

Electrical  Engineer  U.  of  Milan 

Electrical  Engineer  BEIB   DRS. 

Professor  of  Chemistry  Georgia  State  U. 


COOPERATING  UNITS  (if  any) 

Biomedical  Engineering  and  Instrumentation  Branch,  DRS,  NIH 
iini  vprsi  t-y  nf  Milan,  School  of  Medicine,  Milan,  Italy 


Others: 

M. 

Luzzana 

C. 

Gibson 

L. 

Thiabault 

G. 

Dossi 

H. 

Cassio 

H. 

Hopkins 

^ 


LAB/BRANCH 

Labnrai-ory  of  Technical  Development 


SECTION 

Section  on  Biophysical  Instrumentation 


INSTITUTE  AND  LOCATION 

NHLBI,  NIH,  Berhe.sda,,  Maryland  20205 


TOTAL  MANYEARS: 


PROFESSIONAL: 

L^ 


OTHER: 


1.5 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 


n  (b)  HUMAN  TISSUES 


Q   (c)  NEITHER 


D  (al)  MINORS   D  (a2)  INTERVIEWS 

SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
A  new  OEC  cell  has  been  constructed  using  improved  temperature  controls.   Work 
has  also~progressed  on  the  construction  of  a  diffusion  membrane  system  that 
would  permit  both  concentrated  Hb  solutions  and  whole  blood  to  be  measured 
either  from  oxygenated  to  deoxygenated  or  the  reverse.   The  effect  of  high 
hematocrit  on  the  measured  blood  pH  has  been  carefully  examined  and  found  to 
be  due  to  the  effect  of  the  charge  on  the  red  cell  on  the  glass  electrode  and 
not  the  reference  junction  potential.   A  complete  physiochemical  analysis  of 
the  glucose-hexokinase  system  has  been  carried  out  in  order  to  explain  the 
experimental  results  obtained  with  the  differential  pH  apparatus. 
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Objectives: 

An  understanding  of  the  various  physical  factors  that  affect  the  delivery 
of  oxygen  to  the  tissues  and  the  removal  of  CO2  are  vital  to  a  correct 
interpretation  of  the  physiological  response  of  the  human  body  to  various 
disorders,  disease  states,  and  environmental  stress.   As  part  of  a  long 
range  basic  research  program  being  carried  out  in  collaboration  with  the 
School  of  Medicine,  University  of  Milan,  the  Hematology  Division,  Bureau 
of  Laboratories,  CDC,  and  the  Cero  dePasco  High  Altitude  Research 
Laboratory,  Universidad  Peruana  Cayetaho  Heredia,  Lima,  Peru,  we  are 
engaged  in  the  development  of  highly  accurate  instrumentation  to  measure 
the  oxygen  dissociation  curve  in  whole  blood  and  concentrated  hemoglobin 
solutions,  the  hemoglobin  components,  in  whole  blood,  Hb,  Hb+,  HbCO,  and 
Hb02,  the  pH,  pC02 ,  and  PO2 ,  and  the  concentration  of  2-3DPG. 
Ultimately  we  hope  to  measure  the  tissue  p02  and  PCO2  levels  at  the 
mitochrondia  cytochrome  oxidase  site. 

Methods  Employed: 

A  systematic  analysis  of  the  complex  interrelationships  among  several 
variables  and  the  effect  on  the  oxygen  dissociation  curve  requires  the 
development  of  a  method  to  obtain  oxygen  dissociation  curves  of  human 
blood  in  vitro,  under  conditions  closely   simulating  the  in  vivo 
situation  of  the  patient.   Instruments  are  developed  either  at  NIH  and/or 
Milan,  tests  on  pure  hemoglobin  are  generally  conducted  first  in  Milan, 
where  a  large  group  is  currently  working  on  the  purification  of 
hemoglobin. 

Testing  on  patient  blood  is  then  carried  out  at  the  Red  Cell  Disease 
Branch,  CDC  and  at  Cero  de  Pasco,  Peru.   Close  cooperation  exists  with 
the  medical  school  hospital  in  Milan  where  on-line  computer  monitoring 
will  be  carried  out  using  the  membrane  oxygenator  system  developed  in 
this  laboratory  by  Dr.  Theodor  Kolobow. 

Major  Findings: 

A  new  oxygen  equilibrium  curve  appratus  (OECA  TM)  cell  has  been 
constructed  to  accommodate  greatly  superior  oxygen  and  carbon  dioxide 
electrodes  and  give  improved  temperature  control.   In  addition,  the  cell 
has  been  modified  so  that  it  can  use  a  membrane  for  gas  exchange  thus 
permitting  use  in  concentrated  hemoglobin  solutions  as  well  as  whole 
blood.   This  new  method  will  be  under  complete  microprocessor  control 
with    on  line  data  collection  and  analysis.   A  detailed  study  has  been 
carred  out  on  the  Effect  of  the  charge  on  the  red  cell  on  the  glass 
electrode  in  an  attempt  to  explain  the  0.2  pH  lower  reading  obtained  on 
whole  blood  of  patients  with  hematocrits  over  75.   Using  cation  resins  it 
has  been  found  that  the  effect  is  entirely  due  to  the  reaction  at  the 
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glass  electrode  surface  and  not  at  the  reference  junction  as  was 
previously  thought.   The  coating  of  the  glass  electrode  with  Lycra  almost 
entirely  eliminated  this  effect  by  keeping  the  resin,  or  red  cells,  away 
from  the  surface  but  permitting  the  H^  ions  to  pass  through. 

The  differential  pH  apparatus  has  been  improved  by  greatly  improving  the 
stability  of  the  differential  pH  meter.   Long  time  stability  of  +  .00005 
pH  units  is  now  routine.   One  of  the  simpler  test  systems  we  have  used  is 
the  glucose  -  hexokinase  system.   This  system  has  now  been  completely 
analyzed  from  a  physical  chemical  standpoint  to  take  acount  of  pH  shifts 
due  to  Mg,  ATP,  and  NaCl.   Detailed  tests  are  presently  being  performed 
to  verify  theory  by  experiment. 

Significance  to  the  Program  of  the  Institute: 

An  understanding  of  the  factors  controlling  the  delivery  of  oxygen  and 
the  pickup  of  CO2  in  the  tissues  as  well  as  their  subsequent  movement 
across  the  alveolar  is  of  fundamental  importance  to  both  the  prevention 
and  treatment  of  heart,  lung,  and  blood  disease. 

Proposed  Course: 

The  charge  effect  on  glass  electrodes  will  continue  to  be  studied  with 
the  further  development  of  the  optical  pH,  PCO2 ,  and  PO2  catheter 
electrodes  with  BEIB.   The  diffusion  OEC  apparatus  and  the  OECA  TM  will 
be  carefully  tested  as  to  whether  they  both  give  the  correct  shape  of  the 
GDC  under  all  conditions. 

Publications: 

None. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Work  is  in  progress  to  develop  a  composite  membrane  covered  oxygen  electrode. 
The  composite  electrode  should  respond  rapidly  to  oxygen  partial  pressure 
changes  and  simultaneously  consume  little  oxygen  from  the  sample. 
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Methods  Employed:   A  composite  membrane  made  of  porous  metal  or  plastic  filled 
with  silicone  rubber  offers  a  way  to  control  response  time  independently  of 
effective  gas  permeability.   Parameters  of  porosity,  dimensions  and  materials 
control  both  permeability  and  response  time.   The  dominant  factor  for  response 
time  is  dimension  since  diffusion  down  concentration  gradients   in  the  driving 
force  for  gas  movement.   Porosity  and  material  composition  control  permeability. 
By  arranging  the  geometry  so  that  oxygen  passing  through  the  membrane  contacts 
the  electrolyte  at  the  cathode,  the  time  required  for  passage  through  an  elec'- 
trolyte  layer  is  minimized. 

Major  Findings:   Previous  work  with  materials  of  porosity  varying  from  0.15% 
to  more  than  1%  indicated  that  bulk  porosity  has  a  rather  indirect  influence 
on  bulk  permeability.   Subsequent  re-evaluation  of  the  data  and  actual  geo- 
metry of  the  membranes  suggest  the  optimum  design  consists  of  numerous  short 
parallel  holes  filled  with  silicone  rubber.   The  sample  end  of  the  holes  is 
covered  with  a  layer  of  silicone  rubber.   The  other  end  of  the  holes  is  at  the 
electrolyte.   By  making  the  holes  in  silver  sheet,  the  silver  can  be  used  as 
the  cathode.   Some  effort  has  been  expended  in  obtaining  a  satisfactory  elec- 
trolyte resistant  bond  between  the  silver  and  the  silicone  rubber.   Work  on 
this  project  has  been  deferred  until  the  last  quarter  of  FY  80  and  results 
are  not  available  for  inclusion  in  this  report. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Conventional  oxygen  electrodes  consume  substantial  amounts  of  oxygen  per  unit 
area,  leading  to  measurement  errors  caused  by  sample  stirring  or  pressure  in- 
duced  dimensional  changes.   A  common  approach  to  the  solution  of  this  problem 
is  to  use  either  very  small  cathodes  or  thick  membranes.   These  cause  substan- 
tial time  lag  problems  or  electrical  measurement  problems  related  to  the  small 
currents  produced.   The  composite  membrane  approach  offers  a  way  to  overcome 
these  problems  and  at  the  same  time  providing  a  rugged,  easily  manufactured 
electrode. 

Proposed  Course:   A  new  silicone  contact  cement  has  been  obtained.   The  suppli- 
er states  it  is  very  resistant  to  water  and  will  provide  excellent  bonding  of 
silicone  membrane  to  the  silver  mesh  we  have  been  using.   The  silicone  adhe- 
sive will  fill  the  holes  of  the  mesh,  providing  the  diffusionbarrier  needed 
as  well  as  holding  the  outer  silicone  membrane.   Response  times  and  oxygen 
consumption  of  test  composite  structures  will  be  measured. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)  u  i  •  i 

Work  on  methods  and  apparatus  for  the  study  of  kidney  and  toad  bladder  epithelial 


cells  grown  as  sheets  on  porous  membranes  continues  to  yield  important  results. 
The  central  element  is  the  porous  bottomed  culture  device  (PBCD)  in  which  the 
membrane  is  cemented  to  polycarbonate  rings  which  provides  electrical  and  chemic 
isolation  between  the  solutions  contacting  each  side  of  the  membrane.   With  these 
PBCD's  new  knowledge  of  the  development  of  epithelia  is  being  obtained.   For  ex- 
ample, the  development  of  vasopressin  response  in  the  cells  (from  African  clawed 
toad  kidney)  requires  that  there  be  free  exchange  for  materials  between  the  cells 
and  the  media  on  the  basal  side  (i.e.  the  PBCD's  must  spaced  off  the  bottom  of 
the  dish).   By  this  means,  vasopressin  response  has  been  demonstrated  for  the 
first  time  in  these  cells. 

Work  on  PBCD's  with  transparent  collagen  membranes  has  been  successful  and  is 
continuing.   Medulary  thick  ascending  limb  cells  from  the  rabbit  kidney  tubule 
have  grown  out  from  a  short  piece  of  tubule  on  1  mm  collagen  membranes  in  about 
10  days  and  produced  apical  side  positive  potentials  as  high  as  23  millivolts. 
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Objectives : 

(1)  Develop  porous  bottomed  culture  devices  with  special  properties: 

A.  Transparent  membranes 

B.  Membranes  thin  enough  for  microscopy  and  microelectrode  work 

C.  Small  enough  for  slow  growing  cells 

D.  Very  small  for  growth  from  one  cell 

E.  Ultra  small  for  one  cell  only 

(2)  Design  apparatus  for  sterile  microelectrode  work  to  measure  membrane 
potentials  and  resistances  of  individual  epithelial  cells. 

(3)  Measure  Ca   activity  in  the  media  in  and  below  the  PBCD's  during  growth 
and  when  there  is  unexpected  change. 

(4)  Improve  the  sensitivity  of  my  differential  conductometric  method  for  C0„ 
measurement . 

(5)  Measure  HCOx  binding  to  albumin. 

Methods  Employed  and  Major  Findings: 

Porous  bottomed  culture  devices,  PBCD's  have  been  constructed  with  1  and 
6  millimeter  diameter  collagen  membranes.   These  have  been  useful  for  observ- 
ing cells  as  they  grow  on  these  transparent  membranes.   Cells  from  the  kidney 
of  the  African  clawed  toad  (established  line  A6)  were  placed  on  a  6  mm  colla- 
gen membrane  and  have  been  followed  for  more  than  3  months.   The  PBCD  was 
made  with  rubber  feet  which  spaced  the  membrane  off  the  bottom  of  the  dish 
about  2  mm.   At  one  month,  I  found  that  the  cells  had  developed  beating  cilia. 
This  caused  us  to  consider  what  other  properties  these  cells  may  have  developed. 
Thus,  a  final  concentration  of  150  milliunits/ml  vasopressin  on  the  basal  side 
increased  the  potential  from  16  millivolts  to  48  millivolts  and  was  reversible 
several  times.   Dr.  Perkins  has  gone  on  to  show  that  vasopressin  response  will 
develope  in  our  regular  PBCD's  with  collagen  coated  Nucelopore  membranes,  but 
only  if  they  are  spaced  off  the  bottom.   I  provided  C  shap  1  spacers  long  ago, 
but  they  were  considered  inconvenient  to  use.   Dr.  Johnson  has  found  that  a 
toad  bladder  cell  line,  6C,  has  twice  as  great  an  aldosterone  response  when 
the  PBCD  are  spaced  off  the  bottom.   Thus,  nutrition  to  be  basal  side  is  of 
great  importance  in  the  development  of  these  epithelia. 

Many  bits  of  medulary  thick  ascending  limb   of  rabbit  binding  tubules 
have  been  placed  on  1  mm  collagen  membrane  PBCD's.   About  50%  have  grown  out 
to  cover  the  membrane  in  about  10  days.   The  majority  of  these  produce  potent- 
ials ranging  from  1  to  23  millivolts,  apical  side  positive.   A  few  preliminary 
tests  which  I  did  indicate  that  this  potential  is  sensitive  to  Furosimide  and 
vasopressin.   The  potential  drops  to  near  zero  in  about  1  month.   A  carefully 
Controlled  set  of  experiments  is  being  started  to  follow  up  on  these  clues. 
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The  current  procedure  for  making  the  collagen  membrane  PBCD's  is  very 
time  consuming:   about  1  hour  each.   Two  layers  of  collagen  are  used  to  ce- 
ment a  collagen  membrane  to  sanded  polycarbonate  disc  with  a  hole  in  it.   The 
membrane  and  each  layer  are  polymizered  with  amonia  and  crosslinked  with 
glutaraldehyde.   Thorough  removal  of  the  glutaraldehyde  is  critical  for  cell 
growth  of  course.   A  simpler  procedure  has  just  been  tried  for  the  1  mm  size 
and  it  appears  to  work.   The  disc  to  which  the  collagen  is  cemented  is  cemen*"ed 
to  the  ring  with  silicone  rubber.   It  can  be  pealed  or  cut  away  from  the  ring 
for  special  microscopic  observation  or  microelectrode  work. 

With  the  help  of  a  summer  student  Mohit  Bhatnagar,  the  sensitivity  of  my 
differential  conductometric  C0„  measurement  device  was  increased  10  times. 
This  was  done  by  making  the  conductivity  cells  and  all  other  parts  of  the  sys- 
tem 10  times  smaller.   A  better  solution  pump  is  now  needed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  apparatus  and  methods  necessary  to  grow  and  study  sheets  of  epithe- 
lial cells  on  membranes  is  advancing  the  study  of  the  basic  mechanisms  of 
active  Na  transport.   The  ability  to  make  the  measurements  under  sterile  con- 
ditions greatly  increases  the  productivity  of  this  work.   Dr.  Handler,  LKEM, 
NHLBI,  is  presenting  the  physiological  significance  of  this  work  in  detail. 
The  growth  of  the  cells  on  nutrient  and  gas  permeable  membranes  results  in  a 
degree  of  development  and  differentiation  which  does  not  occur  on  the  conven- 
tional plastic  or  glass  surface.   This  should  allow  a  study  of  the  development 
of  epithelial  that  is  not  possible  otherwise. 

Proposed  Course: 

(1)  Design  apparatus  for  sterile  microelectrode  work  to  measure  membrane  po- 
tentials and  resistances  of  individual  cells  in  a  sheet  of  epithelial  cells. 
Sterility,  5%  CO  and  HO  vapor  will  allow  long  term  studies. 

(2)  Develop  very  small  collagen  PBCD's  which  can  be  seeded  with  only  1  cell. 
The  feeder  layer  often  required  in  cloning  can  be  provided  on  the  other  side 
of  the  membrane.   The  feeder  cells  can  grow  either  in  the  bottom  of  the  dish 
holding  the  PBCD  or  right  on  the  membrane  (planted  previously  with  PBCD  upside 
down) . 

(3)  Measure  Ca   activity  in  the  media  in  and  below  the  PBCD's  during  growth 
and  when  there  is  an  unexpected  change.   Micropipettes  with  2  to  5  micron 
tips  filled  with  Ca   exchange  material  have  proved  easy  to  make. 

Publications: 


Handler,  J.S.,  Steele,  R.E.,  Sahib,  M.K.,  Wade,  J.B.,  Preston,  A.S., 
Lawson,  N.L.,  and  Johnson,  J. P.:   Toad  urinary  bladder  epithelial  cells 
in  culture:  Maintenance  of  epithelial  structure,  sodium  transport,  and 
response  to  hormones.  Proceedings  of  Natl.  Acad.  Sci.  U.S.A.,  _7_6,  4151- 
4155,  1979. 


/^/^ 


SMITHSONIAN   SCIENCE    INFORMATION    EXCHANGE 
PROJECT   NUMBER    (Do   NOT   use    this   space) 


U.S.   DEPARTMENT   OF 
HEALTH,    EDUCATION,    AND   WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT   NUMBER 
ZOl   HL   01423-04     LTD 


PERIOD   COVERED      ,  „^^  ^  ,  ^„       ^ -_. 

October    1,    1979    to   September    30,    1980 


TITLE  OF   PROJECT   (80  characters   or  less)  ,  ^    „  .       T^ 

Biophysical   Instrumentation   tor   the   Study   of   Protein  Dynamics 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 

PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

P.I.:      R.L.  Berger      Chief,  Section  on  Biophysical  Inst   LTD   NHLBI 

B.  Balko         Expert  Consultant  LTD   NHLBI 

G.  Liesgang       Staff  Fellow  LTD   NHLBI 

P.  Smith         Expert  Consultant  LTD   NHLBI 


Others: 


T.  Traylor 

E.  Bucci 

A.  Schechter 

G.  Hoy 

R.  Hendler 


Professor  of  Chemistry 

Professor  of  Biochemistry 

Chief,  Macromolecular  Biology  Sect, 

Professor  of  Physics 

Chief,  Sect.  Membrane  Enzymology 


UCSD 

U.    of  MD 
LCB  A 

Boston   U. 
LB  NHLBI 


COOPERATING   UNITS    (if   any) 
Biomedical   Engineering   and   Instrumentation  Branch,    DR 

Department   of   Chemistry,    UCSD 


lab/branch 
Laboratory   of   Technical  Development 


SECTION 
Section  on  Biophysical   Instrumentation 


INSTITUTE   AND   LOCATION 
NHLBI,   NIH,    Bethesda,   Maryland    20205 


TOTAL  MANYEARS: 


PROFESSIONAL: 
2 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

Q  (al)  MINORS   Q  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)  ,  ^  ,    .     j     . 

The  Selective  Excitation  Double  Mossbauer  (SEDM)  apparatus,  designed  and  con 
structed  in  this  laboratory,  has  demonstrated  that  several  relaxation  processes 


occur  in  the  model  compound  tris-pyrrolidine  dithiocarbamate  Fe  (III)  (TDC^) . 
At  4°K  TDC   exhibits  a  spin-flip  mechanism  of  electronic  relaxation  which  re 
quires'a  change  in  the  electronic  spin  of  AS   =  +  5.   However,  at  8  K  another 
relaxation  occurs  which  turns  out  to  be  an  induced  transition  between  Kramers 
doublet  with  electronic  spin  S   =  +  5/2  and  S   =  +  3/2  causing  a  change  of 
AS   =  +  1.   Both  processes  may  be  observed  at  8  K.   Computer  programs  have  beer 
constructed,  based  on  suoeroperator  methodg^  which  generate  transmission  and 
SEDM  spectra  for  the  general  case  of  an  Fe   ion  subject  to  electronic  spin 
fluctuation  and  lattice  dynamics.   The  picosecond  spectrometer  has  been  set  up 
and  tested.   Considerable  work  has  been  done  in  programming  the  PAR  1216  Vidi- 
con   into  a  LSI-11. 
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Obj  ectives : 

The  objectives  of  this  project  are  to  develop  new  instrumentation,  data  hand- 
ling techniques,  mathematical  methods,  and  models  of  the  dynamics  of  energy 
exchange,  conformational  change  and  other  dynamic  phenomena  involved  in  the 
reaction  of  proteins  with  their  coenzymes  and  substrates.   In  particular  to 
develop  methods  and  instruments  to  study  the  local  environment  of  the  iron 
ion  in  hemoglobin,  the  cytochromes  and  other  iron  proteins  under  various  con- 
ditions, such  as  during  oxygen  binding  to  the  hemoglobin  tetramer  and  the  a 
and  3  chains  individually,  and  the  electron  transfer  in  cytochromes. 

Model  reactions  will  be  studied  with  especially  prepared  hematin  compounds 
using  replacement  and  Py^role  ring  substitutes  as  well  as  naturally  occurring 
variants  in  an  attempt  to  understand  the  fundamental  relations  occurring  in 
the  iron  protein  reactions. 

Methods  Employed: 

The  methods  employed   are  those  of  Mossbauer  effect  spectroscopy  in  the  trans- 
mission, scattering,  and  selective  excitation  double  Mossbauer  (SEDM)  modes, 
and  picosecond  laser  spectroscopy.   These  involve  cryogenic  techniques  which 
allow  a  range  of  sample  temperatures  of  . 05  K  to  330  K. 

Major  Findings: 

I.   Selective  Excitation  Double  Mossbauer  (SEDM) 

The  SEDM  apparatus  has  been  designed,  assembled  and  tested  for  the  study  of 
iron  containing  biological  compounds.   The  experiments  performed  on  the  poly- 
peptide, ferrichrome  A  (FA),  were  designed  to  be  a  test  of  the  general  theory 
of  the  SEDM  lineshape.   However,  we  found  that  even  in  this  apparently  simple 
and  well  studied  text  book  model  system,  the  mechanism  of  electronic  relaxa- 
tion between  energy  levels,  which  determines  the  dynamic  environment  of  the 
iron,  is  actually  different  from  the  one  described  by  the  presently  accepted 
theory.   Thus  the  sensitive, selective, and  discriminating  SEDM  instrument  has 
already  revealed  new  information  about  a  biological  system. 

In  preparation  for  the  application  of  this  technique   to  the  investigation  of 
more  complex  biological  systems  the  SEDM  technique  had  to  be  tested  and  the 
instrument  calibrated  on  a  well  defined  system.   Tris-pyrrolidine  dithiocar- 
bamate  F^  (III)  (TDC^)  is  such  a  system.   It  exhibits  a  Mossbauer  lineshape 
which  can  easily  be  interpreted  in  terms  of  a  simple  model  of  electronic  re- 
laxation between  energy  levels.   This  compound  was  used  to  check  the  experi- 
mental technique  and  establish  the  validity  of  the  general  SEDM  lineshape 
expressions  and  their  applicability  to  the  investigation  of  heme  proteins  and 
other  iron  coupled  energy  systems. 

Unlike      ferrichrome  A  which  we  investigated  earlier,  SEDM  experiments  on 
TDC„  at  5.4  K  confirmed  the  existence  of  a  "spin-flip"  mechanism  of  electronic 
relaxation,  in  agreement  with  ESR  and  Mossbauer  transmission  measurements. 
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However,  at  8K  another  mechanism  which  had  not  been  observed  earlier.   This 
mechanism  induces  transmissions  between  Kramers  doublets  with  electronic 
spin  82=+  5/2  and  S^   =  +   3/2  causing  a  change  of  one  unit  of  angular  momen- 
tum.  At  8K  we  were  actually  able  to  observe  directly  energy  exchange  due  to 
both  of  these  mechanisms  acting  simultaneously. 

In  support  of  the  experimental  work  we  have  developed  computer  programs 
SPIN52,  RELAX  1  and  HBl  which  are  based  on  superoperator  mathematical  techni- 
ques.  These  programs  generate  theoretical  Mossbauer  transmission  and  SEDM 
spectra  for  a  general  case  of  an  iron  57  ion  subject  to  electronic  spin  fluc- 
tuations and  lattice  dynamics.   Using  these  programs  we  analyze  the  experimen- 
tal data,  interpret  results,  and  obtain  the  molecular  and  electronic  dynamics 
for  the  iron  containing  compounds. 

Using  SPIN52  to  analyze  the  transmission  Mossbauer  effect  spectra  of  ferri- 
chrome  A  we  found  that  not  only  was  the  relaxation  mechanism  incorrectly 
determined  by  early  investigators  but  also  the  parameters  D,  E  and  the  tensor 
A  which  describe  the  interaction  between  the   Fe  nucleus  the  electrons  and 
the  molecular  environment,  D  gives  the  electronic  level  splittings,  E  the 
amount  of  level  mixing  and  A  hyper fine  interaction.   Again  this  shows  that 
SEDM  and  the  correct  general  theory  must  be  used  to  interpret  ME  spectra  of 
biological  molecules.   Otherwise  even  in  the  simple  compounds  like  FA  and 
TDCt  gross  misinterpretations  can  result. 

Our  SEDM  results  are  important  because  a)  they  prove  the  superiority  of  SEDM, 
in  terms  of  greater  selectivity,  discrimination  and  resolution,  over  other 
techniques  in  studying  electron  dynamics  and  energy  transfer  in  molecules. 
Two  model  "textbook"  systems  (FA  and  TDC  )  which  were  thought  originally  to 
have  the  same  relaxation  mechanism  were  discovered  by  SEDM  to  have  two  com- 
pletely different  mechanisms.   Also  two  different  mechanisms  were  shown  to 
exist  in  TDC  . 

b)  Since  most  biological  compounds  show  even  more  complex  Mossbauer  spectra  it 
is  imperative  to  study  them  with  SEDM,  both  to  decouple  the  various  effects 
and  separate  lines  belonging  to  different  sites,  charge  states  or  spin  states 
as  well  as  to  study  the  energy  transfer  through  the  measurement  of  electronic 
relaxation.   This  information  is  important  to  the  ultimate  understanding  of 
the  biological  function  of  the  molecule. 

II.   Transmission  Mossbauer  Effect  (ME)  Spectrometer 

We  have  expanded  the  capability  of  our  transmission  ME  spectrometer  by  incor- 
porating into  the  apparatus  a  Lake  Shore  Cryotronics,  Inc.  cryogenic  furnace. 
This  device  is  capable  of  cooling  samples  in  2  min.  to  150  K  from  a  cold  start 
thus  allowing  a  quick  sample  change  without  thawing  the  sample.   This  quick 
freezing  process  is  important  in  preventing  protein  denaturation.   This  system 
is  connected  directly  to  the  reservoir  of  the  cryogenic  liquid  thus  obviating 
time  consuming  and  costly  periodic  transfer  of  He  or  N2.   The  transmission 
system  has  been  used  to  investigate  the  application  of  Mossbauer  spectroscopy 
to  several  biological  problems. 
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A.  Model  Compounds 

Model  compounds  of  hemoglobins  provide  an  obvious  way  of  investigating 
dioxygen  binding.   By  varying  the  structures  and  environment  of  the 
heme  iron  in  these  compounds  the  specific  properties  of  the  tense  and 
relaxed  states  of  the  hemoglobin  molecule  can  be  investigated.   In 
the  application  of  the  Mossbauer  techniques  to  this  problem  we  found 
a  direct  relationship  between  the  separation  of  the  lines  in  a  Mossbauer 
spectrum  and  the  strain  induced  on  the  proximal  base  in  model  compounds 
of  myoglobin  prepared  by  Professor  Teddy  Traylor  of  UCSD.   This  correlation 
between  the  strain  on  the  proximal  base,  pulling  it  away  from  the  heme 
plane  and  the  electronic  spin  and  valence  state  of  the  iron  ion  will 
permit  us  to  investigate  in  the  most  detailed  way  the  molecular-mechanical 
model  of  the  heme  involvement  in  hemoglobin  cooperativity . 

B.  Sickle  Cell  Hemoglobin  -  Onset  of  Gelation 

We  have  investigated  novel  approaches  to  the  solution  of  biological 
problems  and  have  produced  a  new  technique  for  measuring  microviscosity 
of  solutions.   In  cooperation  with  Dr.  Alan  Schechter  of  NIADD  we  are 
adapting  it  to  the  study  of  gleation  of  HbS.   The  technique  consits 
of  injecting  coated  100  angstrom  particles  of  ferrite  into  the  solution 
and  observing  changes  in  the  Mossbauer  lineshape  due  to  the  Brownian 
movement  of  the  particles. 

Such  studies  will  provide  a  new  and  important  probe  of  the  onset  of 
gelation,  because  the  particle  dynamics  are  extremely  sensitive  to 
microviscosity.   Also  the  size  of  the  particles  can  be  varied  thus 
varying  the  size  of  the  volume  probed,  whereas,  other  microviscosity 
techniques  are  limited • to  a  single  characteristic  probe  volume.   Our 
technique  can  probe  volumes  from  hundreds  to  thousands  of  cubic  anstroms. 

C.  High  Potential  Iron  Sulfur  Proteins 

ME  transmission  has  also  been  applied  to  the  study  of  high  potential 
(HiPip)  iron  sufur  proteins  which  show  a  particularly  high  affinity  for 
multiple  electron  transfer.   These  proteins  were  prepared  enriched  in 
Fe  by  growing  the  bacteria  in  a  rich   Fe  environment.   Preliminary 
experiments  show  that  we  can  observe  both  the  reduced  and  oxidized 
forms.   The  effect  of  a  weak  (1150  gauss)  magnetic  field  enhances  the 
resolution  and  therefore  stronger  (up  to  10  tesla)  fields  will  be  used 
to  bring  out  details  of  the  spectra. 

D.  Sample  Enrichment  in   Fe 

Because  the  signal-,to  noise  in  ME  experiments  is  directly  proportional 
to  the  amount  of   Fe  in  the  sample,  various  approaches  to  enrich  the 
samples  in   Fe  are  being  investigated.   In  particular  we  are  preparing 
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enriched  hemoglobin  by  introducing   Fe  into  reticulocytes  in  culture. 
Another  attempt  is  to  chemically  replace  the  iron.   This  is  a  most 
promising  technique  because  it  may  provide  a  means  of  selectively  enriching 
the  a  and  S  sites  and  make  it  possible  to  study  these  sites  independently 
in  a  reconstructed  tetramer. 

Ill  Picosecond  Laser  System 

Vidicon-Computer  Interface 

A  Digital  Equipment  Corporation  (DEC)  MINC  LSI-11  based  computer  was 
interfaced  with  a  Princeton  Applied  Research  (PAR)  vldicon.   This 
interface  enables  access  to  three  dimensional  spectroscopic  information, 
in  the  picosecond  time  region,  by  dispersing  the  output  of  a  monochromator 
(Jarrell-Ash   82-00  series  0.5  meter  spectrometer)  on  the  face  of  the 
vidicon.   Time  is  represented  ona  perpendicular  axis  on  the  vidicon 
by  stepped  time  delays  (AT  =  0,  5,  10,  15,  etc.  picoseconds)  of  the 
interogating  laser  pulse.   Intensity,  of  course,  is  read  as  the  amount 
of  charge  remaining  on  the  vidicon  photodiode  array  after  exposure.   In 
order  to  access  this  3-D  information  the  vidicon  surface  must  be  read 
as  discrete  channels  of  wavelength,  for  each  given  time  delay  (a  track). 
The  vidicon  is  preprogrammed  to  achieve  this  by  the  operator,  via  the 
MINC  computer  system.   Upon  the  vidicon 's  receipt  of  a  run  command,  the 
preprogrammed  scan  is  activated  and  the  digitized  value  of  intensity  for 
each  wavelength/time  pair  is  presented  to  a  digital  port.   This  digital 
port  is  accessed,  via  an  assembly  (MACRO)  language  routine  and  the  16  bits 
of  data  (per  each  channel)  is  stored  in  RAM  memory.   Since  one  complete 
scan  of  the  vidicon  surface  reads  only  70%  of  the  actual  vidicon 
signal,  four  successive  scans  are  required  in  order  to  read  more  than 
99%  of  the  intensity  value.   This  successive  scanning  requires  "real-time" 
integration  of  each  new  scan  with  the  previous  scan.   This  is  done  via 
an  assembly  language  routine.   Once  the  information  has  been  accessed 
from  the  vidicon  the  operator  has  the  option  either  to  repeat  the  data 
or  to  permanently  save  it  on  disk  for  future  analysis. 

The  program  referred  to  above  has  been  designed  to  allow  an  interactive 
approach  to  entering  the  parameters  required  for  desired  scan  pattern. 
In  addition  to  allowing  a  simple,  straightforward  method  of  entering  the 
parameters,  the  program  has  features  to  check  the  various  parameters 
entered  to  ensure  that  they  fall  within  legal  bounds  for  scanning  the 
vidicon  surface.   This  feature  is  of  importance  to  prevent  a  scan  pattern 
of  the  readout  electron  beam  damaging  the  vidicon  target  surface;  it  is 
still  possible  to  scan  small  areas  and  to  be  in  legal  parameter  bounds, 
in  which  case  a  warning  message  is  displayed  which  must  be  answered 
affirmatively  to  allow  the  program  to  proceed.   The  program  in  its 
present  form  allows  automatic  control  of  the  vidicon  and  laser  during  an 
experiment;  the  charging,  firing,  and  timing  of  the  laser  pulse  with  the 
Vidicon' s  reading  sequence  are  all  under  program  control. 
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At  present,  the  size  of  the  scanned  array  is  limited  to  16,000  pixels 
which  can  be  any  valid  combination  of  scanned  channel  and  track 
parameters;  e.g.  100  tracks  (5  elements  high),  160  channels  (4  integrations 
wide)  scans  480  x  500  of  the  available  500  x  500  pixels.   The  limit  of 
the  number  of  pixels  is  determined  by  the  memory  made  available  by  the 
MINC  Fortran  compiler.   This  limitation  can  be  overcome  by  writing 
more  of  the  program  in  assembly  language  routines. 

The  vidicon  has  been  tested  for  linearity  in  terms  of  1)  the  number  of 
scans  required  to  achieve  the  maximum  signal-to-noise  ratio  at  various 
signal  levels,  2)  the  effect  of  the  number  of  prep  frames  3)  the  effect 
of  varying  the  time  spent  recording  each  channel.   In  summary,  a  dark  count 
of  3  per  pixel  is  obtained,  which  rose  to  a  maximum  of  132  per  pixel 
at  high  light  levels.   At  the  higher  light  levels,  2-3  scans  reads  the 
signal  to  >90%  with  more  scans  increasing  the  noise  at  the  expense  of 
signal.   In  addition,  if  a  multi-track  scan  is  performed,  charge  leakage 
occurs  at  the  periphery  of  the  scanned  area;  PAR  warns  about  this  problem 
in  one  direction  and  allows  programming  of  the  vidicon  accordingly.   A 
similar  problem  exists  in  the  perpendicular  direction  and  an  area 
equivalent  to  the  first  10  pixels  has  to  be  discarded. 

The  information  presented  on  the  vidicon  target  from  a  pulsed  source, 
lasts  only  one  second  or  less  at  room  temperature  owing  to  charge 
leakage.   For  this  reason,  the  timing  of  the  laser  pulse  with  data 
acquisition  becomes  essential.   A  hardware  interface  has  been  designed, 
constructed,  and  implemented  which  handles  the  charging  of  the  laser, 
firing  the  laser,  and  informing  the  assembly  program  when  to  start 
accessing  data  from  the  vidicon  surface. 

The  DEC  LSI-11  computer  is  a  laboratory  minicomputer  which  means  the 
data  obtained  on  the  MINC  must  be  transferred  to  a  larger  mainframe 
computer  system  for  perfroming  detailed  numberical  analysis  of  the  data. 
With  the  aid  of  software  written  by  DCRT,  a  communicative  link  was 
established  between  DEC  LSI-11  MINC  and  the  NIH  Dec-system-10.   The 
transfer  of  information  is  carried  out  over  a  Bell  Telephone  modem 
operating  at  1200  band. 

It  should  also  be  noted  that  the  Vidicon-MINC  interface  is  not 
restricted  to  accessing  only  picosecond  spectroscopic  data.   It  has  been 
designed  so  as  to  operate  as  a  general  3-D  spectroscopic  imaging  device. 
As  an  example,  the  vidicon  will  be  used  to  develop  a  stopped  flow 
technqiue  emplying  Raman  scattering  detection. 

The  output  of  the  neodymium  glass  picosecond  laser  system  has  been 
optimized  for  oscillator-amplifier  firing  delay.  A  single  pulse  energy 
of  100  mJ  is  obtained  from  the  amplifier  and  has  been  measured  using  a 
Laser  Precision,  model  RS7100  thermopile  calorimetric  detector.   The 
amplified  pulse  at  1.06ii  has  been  frequency  doubled  to  530  nm  using  a 
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Type  I  KDP  crystal  angle -tuned  to  the  phase-matching  angle.   Synchronous 
picosecond  continua  have  been  produced  by  focussing  down  either  the 
530  nm  light  or  l,06y  light  into  a  variety  of  solvents  such  as  water, 
ethanol,  and  carbon  tetrachloride.   Each  solvent  produces  a  white 
light  continuum  with  intenser  bands  at  various  spectral  regions  which 
can  be  exploited  for  monitoring  purposes.   The  purpose  of  this  continuum 
is  to  provide  a  method  of  studying  the  reactions  to  be  initiated  by  the 
530  nm  pulse.   The  duration  of  the  continuum  is  the  same  as  the  530  nm 
or  1.06y  pulse.   To  provide  a  sequence  of  monitor  media.   In  air,  light 
travels  at  3mm/ps;  by  splitting  the  continuum  into  segments  with 
each  segment  taking  a  longer  path  than  the  preceding  segment,  each 
segment  can  be  made  to  arrive  at  the  sample  at  a  different  time.   A  quartz 
echelle  (working  on  differential  time  of  flight  in  two  media-quartz  and 
air)  has  been  obtained  to  provide  temperal  dispersion  to  200  ps  and  a 
reflection  temporal  disperser  has  been  manufactured  in  our  workshop  to 
accommodate  longer  time  events  to  2  nanoseconds. 

A  pressure  vessel  has  been  designed  to  provide  100  atm  of  pressure.   This 
is  being  constructed  in  our  workshop.   The  design  allows  the  whole  unit 
to  be  taken  down  to  liquid  helium  temperatures. 

Proposed  Future  Research 

The  picosecond  spectrometer  construction  and  testing  will  continue.   A 
high  pressure  cryogenic  cell  will  be  constructed  for  inclusion  in  the 
system  as  well  as  direct  coupling  to  a  PDP-11  computer.   The  SEDM  and 
transmission  spectrometer  development  will  continue  with  construction 
of  a  helium  dilution  cryostat  for  50  milikelvin,  or  lower,  operation. 
SEDM  investigation  of  enriched  hemin  and  model  compounds  as  well  as  hemo- 
globin chains  and  the  whole  molecule  will  continue.   The  application  of 
ferrifluids  to  the  study  of  the  mechanism  and  the  onset  of  gelation  will 
continue.   The  development  of  the  appropriate  mathematical  theory  and 
computer  programs  to  describe  the  SEDM  and  transmission  lineshapes  for 
the  most  general  conditions  of  hyperf ine  fields  and  relaxation  rates 
will  continue  with  particular  attention  being  paid  to  the  ferrous 
state  since  the  ferric  state  programs  are  now  operational. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

The  detailed  dynamics  of  molecular  interactions  between  parts  of  the  protein 
molecule  during  ligand  reaction  is  needed  for  the  understanding  of  the 
mechanism  of  all  protein  reactions.   Thus  the  Mossbauer  and  picosecond 
research  instrumentation  hold  the  promise  of  greatly  extending  our 
understanding  of  the  mechanism  by  which  the  hemeproteins,  such  as  hemoglobin 
and  the  cytochromes  react.   This  is  of  fundamental  importance  for  the 
understanding  of  and  the  prevention  and  treatment  of  heart,  lung,  and 
blood  diseases. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Countercurrent   chromatographic  method  previously  reported  (ZOl  HL  01428- 
02)  has  been  applied  to  preparative  separation  and  purification  of  two  synthetic 
polypeptides  with  5  and  15  amino  acids.   The  crude  samples  were  purified  with 
a  two-phase  solvent  system  composed  of  normal  butanol,  acetic  acid,  and  water 
at  a  4:1:5  volume  ratio  with  a  satisfactory  level  of  recovery.   The  present 
method  was  proved  to  be  well  applicable  to  peptide  samples  which  had  poor 
solubility  in  the  solvents  commonly  used  in  the  conventional  liquid  chromato- 
graphy. 
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Project  Description: 

Objectives:   Separation  and  purification  of  crude  synthetic  peptides  by  means 
of  countercurrent  chromatography  with  the  new  horizontal  flow-through  coil 
planet  centrifuge. 

Methods  Employed  and  Major  Findings: 

a)  Apparatus:   The  design  and  the  function  of  the  new  horizontal  flow- 
through  coil  planet  centrifuge  were  given  earlier  (ZOl  HL  01428-02) .   The 
apparatus  holds  a  pair  of  coiled  separation  columns  one  suitable  for  analy- 
tical-scale work  and  the  other,  for  preparative-scale  work.   In  the  present 
studies,  the  preparative  column  was  exclusively  employed  to  separate  a  rela- 
tively large  amount  of  samples.   The  column  consisted  of  a  50  m  long,  0.26 
cm  i.d.  PTFE  tube  with  1000 Helical  turns  (1.25  cm  helical  diameter)  and  a 
total  capacity  of  about  270  ml.   A  Chromatronix  metering  pump  was  used  to 
pump  the  solvent  and  an  LKB  Uvicord  III  for  continuous  monitoring  of  the 
eluate  at  280  nm  while  an  LKB  fraction  collector  was  used  to  collect  frac- 
tions for  further  analysis. 

b)  Experimental:   The  two-phase  solvent  system  was  prepared  by  mixing  nor- 
mal butanol,  acetic  acid  and  water  at  a  volume  ratio  of  4:1:5  in  a  separatory 
funnel  at  the  room  temperature.   Two  peptide  samples  synthesized  by  a  modi- 
fied Merrifield  solid-phase  method  were  chosen  for  the  present  study.   One 
peptide  (Peptide  I)  had  the  sequence  ser-ser-ile-ile-arg  and  the  other 
(Peptide  II) ,  tyr-ala-ala-nle-ala-ala-met-arg-asp-val-cal-leu-phe-glu-lys. 
Each  crude  peptide  sample  was  dissolved  in  either  upper  or  lower  phase  of 
the  above  solvent  system. 

For  each  separation  a  column  was  first  filled  with  the  stationary  phase 
(either  upper  or  lower  phase).   The  sample  solution  was  then  injected 
through  the  sample  port  into  the  column  which  was  rotated  at  the  desired 
revolutional  speed.   Then  the  mobile  phase  was  pumped  into  the  column  at  a 
desired  rate.   The  eluates  were  continuously  monitored  with  an  LKB  Uvicord 
III  at  280  nm  and  fractionated  with  an  LKB  fraction  collector. 

The  obtained  fractions  were  vortexed  whereupon  aliquots  were  removed 
and  spotted  on  MN  cellulose  300  plates  (Brinkmann,  Westbury,  N.Y.).   TLC 
was  performed  with  the  solvent  system  of  normal  butanol,  acetic  acid  and 
water  (4:1:5  v/v) .   Peptides  were  detected  by  means  of  a  collidine-containing 
ninhydrin  reagent.   A  fluorescence  profile  of  the  fractions  was  obtained  with 
an  SPF-500  spectrof luorometer  (American  Instrument  Co.,  Silver  Spring,  M  i3.) 
in  the  single-beam  mode.   The  wavelength  for  excitation  was  280  nm,  and 
fluorescence  emission  was  determined  at  308  nm  using  a  5-nm  bandpass  for  both 
monochromators .   Amino  acid  compositions  and  yields  of  the  synthetic  peptides 
were  determined  with  a  Durrum  Instruments  (Sunnyvale,  Calif.)   D-500  amino 
acid  analyzer  equipped  with  a  fluorescence  detector.   Amino  acids  were  made 
fluorescent  by  reaction  with  o-phthalaldehyde.   In  order  to  compare  the 
results  obtained  by  the  present  method  with  that  in  the  conventional  tech- 
nique, Bio-Gel  P-2  chromatography  was  applied  to  Peptide  I.   Crude  peptide 
(100  mg)  was  dissolved  in  2  ml  of  0.1  M  acetic  acid  and  applied  to  a  60  x 
1.5  cm  column  of  Bio-Gel  P-2  (Bio-Rad  Labs.,  Richmond,  Calif.).   Elution 
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was  performed  with  0.1  M  acetic  acid. 

c)   Results:   Peptide  I  (100  mg  crude  material)  was  purified  by  eluting  the 
column  with  the  lower  aqueous  phase  at  a  flow  rate  of  16  ml/hr  while  the 
apparatus  was  spun  at  500  rpm.   Twenty  fractions  (each  2  ml)  were  collected. 
The  amino  acid  analysis  clearly  revealed  that  tubes  11-16  contained  the 
desired  peptide;  tubes  3-6  contained  serine  plus  traces  of  other  contaminants; 
tubes  7-10  contained  both  the  desired  peptide  and  serine.   The  yield  of  pure 
peptide  was  65%,  but  this  should  be  improved  by  rerunning  tubes  which  con- 
tain both  the  peptide  and  serine  contaminant.   In  four  runs,  the  pure  peptide 
was  found  24  ±  2  ml  after  the  solvent  front.   The  separation  of  peptide  1 
with  the  Bio-Gel  P-2  chromatography  revealed  that  the  fractions  which  had 
the  desired  peptide  also  contained  white  material  which  remained  at  the  ori- 
gin and  did  not  stain  with  peptide  reagents.   Either  a  much  larger  column 
or  repetitive  runs  would  have  to  be  used  to  obtain  good  yields  of  uncontam- 
inated  peptide. 

The  peptide  II  (100  mg  crude  material)  was  purified  as  for  the  peptide 
I  except  that  the  non-polar  upper  phase  was  used  as  the  mobile  phase.   Al- 
though monitoring  of  ultraviolet  absorbance  was  used  to  locate  tubes  of 
interest,  improved  sensitivity  was  obtained  by  monitoring  with  fluorescence, 
yield  of  peptide,  amino  acid  composition  and  behavior  on  TLC.   The  results 
indicated  that  the  run  could  be  divided  into  three  main  areas  of  interest. 
The  high  levels  of  fluorescence  for  the  contents  of  tubes  5-11  and  their  lack 
of  reaction  with  ninhydrin  when  run  on  TLC  suggest  that  these  tubes  contained 
blocked  peptides  and  aromatic  by-products  of  deplocking.   The  hypothesis  is 
further  supported  by  the  realization  that,  by  using  the  non-polar  phase  as 
the  mobile  phase,  the  least  polar  products  would  appear  in  the  early  tubes. 
Amino  acid  analysis   also  suggesfs  that  this  fraction  contained  abbreviated 
sequences.   Tubes  38-49  contained  the  pure  peptide  as  indicated  by  amino  acid 
analysis  and  uniform  TLC  behavior.   Tubes  50-66  contained  peptide  contamin- 
ated with  tyrosine  from  insufficient  washing  of  the  resin  following  the  last 
coupling.   The  recovery  figure  of  the  peptide  was  then  raised  to  53%  which 
considered  to  be  satisfactory  level,  since  the  peptide  was  less  soluble  in 
the  aqueous  solvent  typically  used  for  ion-exchange  chromatography  and  gel 
filtration. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  new  horizontal  flow-through  coil  planet  centrifuge  can  perform 
efficient  preparative  separations  of  various  biological  samples.   Among  a 
variety  of  applications,  separation  and  purification  of  natural  and  synthe- 
tic peptides  may  be  the  most  useful.   With  synthetic  peptides,  a  planet 
centrifuge  run  appears  to  free  the  desired  peptides  of  salts,  resin  by-pro- 
ducts, and  contaminating  peptides.   Even  with  a  peptide  possessing  low  solu- 
bility, yields  can  be  improved  by  recovering  the  column  contents  without  the 
complications  of  the  peptide  precipitating  on  a  support  medium.   The  present 
method  will  be  extremely  useful  in  separation  of  purification  of  various 
peptide  hormones  in  the  biochemical  and  biomedical  researches. 


/OX/ 


ZOl  HL  01428-03  LTD 

Proposed  Course:   Application  of  the  present  method  to  separation  of  various 
peptide  hormones  and  other  samples. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
Measurement  of  picomole  amounts  of  magnesium  ion  by  c  olorimetry  can  be 
accomplished  with  the  aid  of  a  new  microc  dLorimeter.   The  working  volume  of  the 
colorimeter  is  less  than  300  nL.   Using  continuous-flow  analysis,  not  only 
magnesium  but  also  calcium  and  inorganic  phosphate  can  be  measured  with  femto- 
mole  sensitivity. 


PHS-6040 
(Rev.  10-76) 


/OX'i 


ZOl  HL  01434-02  LTD 

Objectives:   The  objective  of  this  project  is  to  explore  new  designs  for 
microrplorimeters  and  demonstrate  their  performance  by  measurement  of  pico- 
mole  amounts  of  magnesium  and  other  ions  and  substances. 

Methods  Employed:   A  cuvet  has  been  constructed  of  quartz  tubing  with  two 
right-angle  bends  one  cm  apart;  the  tubing  inside  diameter  is  0.17  mm.   Using 
micro  quartz  working  techniques,  thin  windows  are  blown  in  the  bend  regions. 
These  windows  pass  light  from  a  source  through  the  sample  axially,  and  out  of 
the  tube  to  a  photosensor.   This  provides  a  smooth  fluid  path  which  does  not 
easily  trap  bubbles.   Moreover,  the  quartz  material  passes  not  only  visible 
but  ultraviolet  wavelengths,  making  the  :olorimeter  useful  for  measurements 
over  a  wide  range  of  wavelengths.   Stray  light  passing  through  the  walls  of 
the  capillary  are  eliminated  by  coating  a  portion  of  the  outer   surface  with 
a  carbon  black- immersion  oil  mixture. 

As  currently  used,  the  curvet  is  connected  to  a  continuous  flow  or  "flow- 
injection-analysis"  system.   A  steady  stream  of  reagent  passes  from  a  reser- 
voir through  a  sample  injection  port  to  the  cuvet  and  out  to  a  syringe  pump. 
Flow  rates  are  adjusted  to  suit  analytic  requirements  but  typically  are  a  few 
microliters  per  minute.   Nanoliter  volume  of  samples  are  injected  through  a 
mercury  drop  which  seals  the  injection  port. 

A  light  emitting  diode  and  silicon  photo  sensor  are  used  as  source  and  detec- 
tor for  the  system  sample,  Filters  are  used  to  eliminate  room  light  effects. 

Major  Findings: 

The  new  one-piece  quartz  cuvet  offers  considerable  advantages  over  earlier 
designs.   It  is  easy  to  fabricate,  has  a  smooth  flow  path  of  uniform  material, 
and  passes  not  only  visible  but  ultraviolet  wavelengths.   Although  fiber  optic 
elements  can  be  sealed  into  the  path,  these  add  hydraulic  discontinuities 
which  trap  bubbles.   Adequate  optical  properties  are  obtained  by  blowing  thin 
windows  at  corners  of  the  cuvet.   The  working  volume  of  the  one  cm  path  cell 
is  250  nL. 

The  cuvet  is  arranged  to  be  part  of  a  continuous  flow  or  "flow  injection  ana- 
lysis" system.   A  stream  of  reagent  passes  continuously  by  an  injection  part 
through  the  cuvet  to  a  syringe  pump.   The  injection  port  is  a  Tee;  a  drop  of 
mercury  seals  the  junction.   Nanoliter  volume  pipets  can  be  used  to  inject 
samples  through  the  mercury  with  the  reagent  stream.   The  injection  port  is 
at  a  low  pressure  point  of  system  to  prevent  the  mercury  drop  from  lifting 
out  of  the  seal.   A  syringe  pump  draws  reagent  through  the  system.   Typical 
flow  rates  are  about  2.5yL/min.   The  present  instrument  uses  a  light-emitt- 
ing diode  (LED)  (655  nr  peak)  as  a  source  and  a  silicon  photodiode  as  a  sensor. 
A  set  nf  glass  filters  in  front  of  the  photodiode  restricts  the  light  reaching 
it  to     red  wavelengths  ;  iihis  minimizes  interference  from  stray  light.   The 
LED  outpuL  is  modulated  at  162  Hz;  a  lock-in  amplifier  selectively  amplifies 
the  signal  for  recording  and  integration.   We  use  a  baseline  correcting  inte- 
grator to  quantitate  the  sample  signal.   Absorbance  linearity  is  maintained 
up  to  1.5  absorbance  units. 
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We  have  demonstrated  the  performance  of  the  system  by  applying  it  to  the  de- 
termination of  picomoles  amounts  of  magnesium.   By  using  a  commercial  reagent 
kit  for  clinical  magnesium  measurements,  we  can  demonstrate  the  high  sensiti- 
vity of  the  apparatus  with  well  characterized  reagents.   This  kit  uses  a 
reagent  which  complexes  calcium  and   other  interfering  ions  and 

permits     magnesium  ions  to  bind  to  a  metachromatic  dye.   The  dye  (common 
name:    calmagite)  absorbs  strongly  at  655  nm  and  the  additions  of  magnesium 
increases  the  transmittance.   On  a  macro  scale,  the  absorbance  decrease  is 
linearly  proportional  to  the  magnesium  concentration.   However,  the  injection 
of  small  (10  nL)  volumes  into  the  flowing  reagent  stream  produces  only  small 
(a  few  percent)  changes  in  the  transmittance  and  these  changes  are  linearly 
related  to  the  amount  of  magnesium  injected.   Initial  tests  indicate  a  sen- 
sitivity of  0.5  picomole,  which  is  comparable  to  present  microf luorometric 
techniques  and  the  results   obtained  with  the  helium  glow  photometer. 

In  addition  to  magnesium,  there  are  reagent  kits  for  calcium  and  inorganic 
phosphate  which  use  cherogenic  reagents  with  useful  absorbance  changes  at 
655  nm.    Preliminary  cests  show  the  new  microcolorimeter  suitable  for  these 
materials  as  well. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

This  new  colorimeter  offers  a  simple  rapid  method  for  analyzing  a  wide  variety 
of  materials  at  the  picomole  level.   In  addition  it  can  be  used  as  a  chroma- 
tographic column  monitor   for  very  small  amounts  of  sample  and  microbore 
chromatographs . 

Proposed  Course: 

We  will  complete  the  demonstration  of  the  performance  of  the  apparatus  for 
the  measurement  of  magnesium,  calcium,  and  phosphate.   In  addition,  some 
consideration  will  be  given  to  the  construction  of  a  variable  wavelength 
source  to  increase  the  flexibility  of  the  system. 

Publications ; 

None 


. 'i?  X<y 


SMITHSONIAN   SCIENCE    INFORMATION    EXCHANGE 
PROJECT   NUMBER    (Oo   NOT   use   this   space) 


U.S.   DEPARTMENT   OF 
HEALTH,    EDUCATION,    AND   WELFARE 
PUBLIC   HEALTH   SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT   NUMBER 
ZOl   HL   01436-01   LTD 


PERIOD   COVERED 

October   1,    1979,    to   September   30,    1980 


TITLE  OF    PROJECT   (80  characiers  or  less) 

Non-synchronous   flow-through   coil   planet   centrifuge  without   rotating   seals 


( 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI; 


Yoichiro  Ito 
Peter  Carmeci 
Stephen  Leighton 


Medical  Officer  NHLBI  LTD 
Electrical  Engineer  NHLBI  LTD 
Mechanical  Engineer   BEIB        DRS 


COOPERATING  UNITS  (if  any) 

Biomedical  Engineering  and  Instrumentation  Branch,  Division  of  Research  Sciences 


lab/branch 

Laboratory  of  Technical  Development 


SECTION 


INSTITUTE   AND   LOCATION 

NHLBI, NIH,    Bethesda,    Maryland    20205 


TOTAL   MANYEARS: 
2.0 


PROFESSIONAL: 
1.0 


OTHER: 
1.0 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   D  (a2)  INTERVIEWS 


D  (b)  HUMAN  TISSUES 


0  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  new  non-synchronous  flow-through  coll  planet  centrifuge  allows  continuous 
elution  through  the  coiled  separation  column  without  the  use  of  rotating  seals. 
Rates  of  rotation  and  revolution  of  the  coiled  column  are  independently  adust- 
able  to  meet  the  requirements  for  the  separation  of  cell  particles.   Thus  the 
slow  rotation  of  the  column  under  a  high  revolutional  speed  produces  a  chroma- 
tographic separation  of  cells  according  to  their  size  and  density.   The  capabilitjy 
of  the  present  apparatus  was  demonstrated  by  the  separation  of  human  and  sheep 
erythrocytes  with  a  buffered  isotonic  saline  solution.   The  method  has  been 


successfully  applied  to  separations  of  T  and  B  lymphocytes,  malaria  parasites 
(gametocytes) ,  and  liver  cells,  with  physiological  culture  media. 
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Project  Description: 

Objectives:   Development  of  non-synchronous  flow-through  coil  planet  centri- 
fuge without  rotating  seals  and  application  of  the  apparatus  to  separation  of 
cells  with  a  physiological  solution. 

Methods  Employed  and  Major  Findings: 

a)  Apparatus:   The  apparatus  is  equipped  with  tu   motors,  the  first  motor 
providing  the  revolution  of  the  column  and  the  second  introducing  the  rota- 
tion of  the  column  about  its  own  axis.   The  first  motor  drives  a  pair  of 
identical  planetary  gear  sets  (A  and  B)  rigidly  linked  together  each  engaged 
to  an  identical  internal  ring  gear  (A  and  B  respectively).   Each  individual 
planetary  gear  is  coaxially  connected  to  an  idler  gear  which  in  turn  inter- 
locks to  the  respective  central  sun  gear  (A  and  B) .   The  tooth  ratio   between 
these  three  types  of  gears  is  selected  as  1  for  idler  gear:   2  for  planetary 
gear:   3  for  sun  gear  so  that  the  sun  gear  rotates  twice  the  speed  of  the 
planetary  gear  set  when  the  internal  ring  gears  are  kept  stationary  with  re- 
spect to  the  earth.   Sun  gear  A  is  directly  connected  to  a  rotary  frame  which 
is  coaxially  mounted  between  the  two  planetary  gear  sets  and  it  holds  a  pair 
of  column  holders  in  the  symmetrical  positions  at  12  cm  away  from  the  central 
axis  of  the  apparatus.   One  of  the  holders  is  equipped  with  a  toothed  gear 
which  engages  to  an  identical  gear  directly  connected  to  the  sun  gear  B 
through  a  toothed  belt.   The  internal  ring  gear  A  is  driven  by  the  second 
motor  while  the  internal  ring  gear  B  is  kept  stationary  with  respect  to  the 
earth  at  all  times.   With  this  gear  arrangement,  the  rotational  rate  of  the 
column  holder  can  be  conveniently  adjusted    by  choosing  the  rate  of  the 
second  motor.   Consequently,  the  rotation/revolution  ratio  of  the  holder 
becomes  freely  adjustable.   The  system  also  eliminates  the  use  of  the  rota- 
ting seals  and  permits  continuous  elution  through  the  column  without  compli- 
cations such  as  leakage,  contamination  and  clogging   the  channels  at  the  site 
of  the  seals.   The  revolutional  rate  of  the  apparatus  can  be  adjusted  up  to 
1200  rpm  which  provides  a  centrifugal  force  field  of  164  x  g  on  the  coiled 
column. 

The  separation  column  was  prepared  from  a  piece  of  0.55  mm  i.d.   PTFE 
tubing  by  winding  it  onto  six  units  of  stainless  steel  tubes  (0.68  cm  o.d. 
and  20  cm  long)   in  a  series.   The  entire  column  consisted  of  1200  helical 
turns  with  a  total  capacity  of  about  6  ml.   The  column  with  a  different  dia- 
meter of  the  tubing  can  also  be  used.   The  column  was  symmetrically  arranged 
the  holder  shaft  and  tightly  screwed  to  the  column  holder  through  a  hole  made 
at  each  end  of  the  column  units.   The  counterweight  is  applied  to  the  other 
dummy  holder  to  balance  the  apparatus. 

b)  Methods  and  Materials:   Isotonic  buffered  saline  solution  (pH  7.4)  was 
prepared  by  dissolving  NaCl,  90  g;  Na^HPG,,  13.65  g;  and  NaH2PO^-H20,  2.15  g 
in  one  liter  of  distilled  water  and  diluting  85  ml  of  this  stock  solution 
with  distilled  water  to  bring  the  final  volume  to  one  liter.   In  order  to 
prevent  the  adhesion  of  cells  to  the  tube  wall,  bovine  serum  albumin  (BSA) 
35%  solution  was  added  to  the  above  solution  to  make  the  concentration  of 
BSA  at  about  0.5%. 
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The  human  erythrocyte  suspension  was  prepared  from  EDTA-treated,  fresh 
adult  blood  by  washing  with  the  buffered  saline  solution  three  times,  re- 
peating centrifugation  and  decanting  the  supernatant.   One  part  of  the 
loosely  packed  cells  thus  obtained  was  finally  mixed  with  4  parts  of  the 
same  solution.   The  sheep  erythrocyte  suspension  was  similarly  prepared  from 
ACD-treated  blood  stored  at  4  C.   Equal  volumes  of  human  and  sheep  erythro- 
cyte suspensions  were  combined  and  0.2  ml  of  this  mixture  was  used  for  each 
separation. 

The  separation  was  performed  as  follows:   The  coiled  column  was  first 
filled  with  the  buffered  saline  solution  followed  by  injection  of  the 
sample  through  the  sample  port.   Then  the  column  was  eluted  with  the  buffered 
saline  solution  at  a  flow  rate  of  5  ml/hr  with  a  pump  while  the  apparatus 
was  spun  at  800  rpm  combined  with  10  rpm  column  rotation.   The  eluate  was 
collected  into  test  tubes  at  10  minute  intervals.   Fractionated  samples 
were  analyzed  microscopically  with  a  blood  counting  chamber  to  obtain  the 
total  cell  population  together  with  the  percentages  of  human  and  sheep 
erythrocytes.   Original  samples  and  some  fractions  were  also  analyzed  with  a 
Coulter  size  distribution  analyzer. 

c)   Results:   The  sample  was  separated  into  two  peaks.   The  microscopic 
examination  revealed  that  the  first  peak  almost  entirely  consisted  of  the 
sheep  cells  and  the  second  peak,  the  human  cells.   The  overall  picture  of  the 
elution  curve  of  the  cells  closely  resembled  the  size  distribution  curve 
of  the  original  sample  mixture   obtained  by  the  Coulter  analyzer.   Also,  the 
analysis  of  the  fractions  by  the  Coulter  analyzer  showed  that  the  cell  size 
increases  with  the  fraction  number.   These  findings  strongly  indicate  that 
the  present  method  separates  cell  particles  according  to  their  size  difference. 
Microscopically  the  cells  were  well  preserved  and  no  evidence  of  hemolysis 
was  observed  during  separation.   The  recent  method  has  also  been  applied  to 
separations  of  T  and  B  lymphocytes,  malaria  parasites  (gametocytes) ,  and  rat 
liver  cells.   T  and  B  lymphocytes  from  the  rat  spleen  were  almost  completely 
separated  when  the  cells  were  labelled  with  f luorescone-Ig,  while  no  separation 
was  observed  on  non-labelled  samples.   Human  malaria  gametocytes  were  enrich- 
ed over  80%  from  5%  in  the  original  sample  suspension.   In  the  separation 
o  f  rat  liver  cells  damaged  cells  were  almost  completely  elated  out  in  a 
sharp  peak  followed  by  a  broad  peak  of  intact  cells  which  were  apparently 
spearated  by  their  size  of  aggregates  originally  present  in  the  sample  sus- 
pension.  In  order  to  achieve  successful  separation,  an  improved  sample 
prepatation  to  obtain  homogenously  dispersed  cell  suspension  is  required. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Most  conventional  cell  separation  techniques  utilize  non-physiological 
media  which  may  a.lter  the  physiological  function  of  cells.   In  the  present 
methods  cells  are  only  exposed  to  a  physiological  solution  for  a  relatively 
short  period  of  time  so  that  the  normal  cell  functions  may  be  well  preserved. 
In  addition,  the  present  apparatus  uses  a  rotating-seal-f ree  flow-through 
system  to  eliminate  various  complications  such  as  leakage,  contamination 
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and  clogging  of  the  channels  at  the  site  of  the  seal.   Therefore,  the  present 
method  will  become  a  useful  tool  for  separation  of  vulnerable  cells  in  bio- 
chemical and  biomedical  researches. 

Proposed  Course: 

1.  Refinement  of  the  apparatus  to  eliminate  unnecessary  noise  and  vibration. 

2.  Application  of  the  method  to  various  cell  samples. 

3.  Application  of  the  method  to  partition  of  cells  and  macromolecules  with 
polymer  phase  systems. 

4.  New  application  of  the  apparatus. 

Publication: 

Ito,  Y.,  Carmeci,  P.,  Bhatnagar,  R. ,  Leighton,  S.  and  Seldon,  R. :   The  Non- 
Synchronous  Flow-  Through  Coil  Planet  Centrifuge  without  Rotating  Seals 
Applied  to  Cell  Separation.   Separation  Science  and  Technology,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  simple  tabletop  model  of  the  versatile  countermrrpni-  rhrnnia fngraphic  system 
is  introduced.   The  apparatus  compactly  holds  a  long  coiled  column  around  a 
drum-shaped  holder.   The  holder  undergoes  a  synchronotis  planetary  mnt-inn  in 
such  a  way  that  it  revolves  around  the  central  axis  of  the  apparatus  and  simul- 
taneously rotates  about  its  own  axis  at  the  same  angular  velocity  in  the  same 
direction.   The  acceleration  produced  by  the  synchronous  planetary  motion  of  the 
holder  enables  stable  retention  of  the  stationary  phase  in  each  helical  turn  of 
the  coiled  column  while  the  mobile  phase  is  continuously  eluted  through  the  co- 
lumn.  The  capability  of  the  method  was  demonstrated  on  separations  of  DNP 
amino  acids  and  oligopeptides  using  typical  two-phase  solvent  systems.   The 
present  method  enables  universal  application  of  two-phase  solvent  systems  to 
separate  a  variety  of  biological  samples  without  complications  arising  from  the 
use  of  solid  supports. 
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Project  Description:   Development  of  the  toroidal  coil  planet  centrifuge  for 
performing  countercurrent  chromatography. 

Methods  Employed  &  Major  Findings: 

a)  Apparatus:   The  rotary  frame  of  the  apparatus  consists  of  a  pair  of  cir- 
cular aluminum  plates  rigidly  bridged  together  with  multiple  links  and  is 
driven  by  a  motor  (ElectroCraf t)  around  the  stationary  pipe  mounted  on  the 
central  axis  of  the  centrifuge.   The  frame  holds  a  pair  of  cylindrical  coil 
holders,  one  15  cm  in  diameter  and  the  other  10  cm  in  diameter,  in  symmetrical 
positions  10  cm  away  from  the  central  axis  of  the  centrifuge.   Each  coil  hold- 
er is  equipped  with  a  plastic  gear  which  is  engaged  to  an  identical  station- 
ary pipe.   This  gear  arrangement  produces  the  desired  planetary  motion  to 
each   coil  holder,  i.e.,  revolution  around  the  central  axis  of  the  apparatus 
and  rotation  about  its  own  axis  at  the  same  angular  velocity  in  the  same 
directions.   In  order  to  reinforce  the  stability  of  the  centrifuge,  the  free 
end  of  the  rotary  frame  is   coaxially  connected  to  a  short  coupling  pipe  which 
is  in  turn  supported  by  a  stationary  member  through  a  ball  bearing. 

The  separation  column  is  prepared  by  winding  PTFE  tubing  (Zeus  Industrial 
Products,  Raritan,  NJ)  onto  a  flexible  core  which  is  again  coiled  around  one 
of  the  coil  holders  to  make   a  coiled  helix  configuration.   A  counterweight 
is  applied  to  the  other  coil  holder  to  balance  the  centrifuge.   The  flow  tubes 
from  the  column  are  first  passed  through  the  center  of  the  coil  holder  shaft 
and  then  led  into  the  opening  of  the  central  stationary  pipe  through  a  side 
hole  made  on  the  short  coupling  pipe.   These  flow  tubes  are  lubricated  with 
silicone  grease  and  protected  with  a  piece  of  plastic  tubing  at  each  supported 
portion  to  prevent  mechanical  damage.   The  planetary  motion  produced  by  the 
gears  permits  the  flow  tubes  to  simply  roll  around  themselves  without  twisting. 
The  revolutional  speed  of  the  test  system  is  continuously  adjustable  up  to 
1000  rpm. 

b)  Analysis  of  Acceleration  Field;   Analysis  of  acceleration  field  at  various 
locations  on  the  rotating  holder  was  made  by  the  aid  of  a  coordinate  system. 
The  results  indicate  that  the  centrifugal  force  field  greatly  varies  according 
to  the  location  of  the  point  on  the  holder  which  is  conveniently  expressed  as 
beta,  the  ratio  between  the  radii  of  rotation  and  revolution  of  the  point. 
When  beta  is  greater  than  0.25,  the  centrifugal  force  vectors  always  directed 
outwardly  from  the  holder.   In  addition,  the  centrifugal  force  vector  undul- 
ates in  its  relative  magnitude  and  direction  during  one  revolutional  cycle  of 
the  holder.   As  the  beta  value  increases,  the  magnitude  of  the  relative  cen- 
trifugal force  vector  becomes  greater  while  the  amplitude  of  the  angular 
oscillation  is  reduced.   This  distribution  pattern  of  the  force  vector  pro- 
vides a  great  advantage  when  the  scheme  is  used  for  performing  countercurrent 
chromatography.   Under  the  above  centrifugal  force  field  the  two  phases  in  the 
coiled  column  are  separated  in  such  a  way  that  the  heavier  phase  occupies  the 
outer  half  and  lighter  phase,  the  inner,  half ■ of  each  coil  unit.   Angular  un- 
dulation of  the  force  vector  efficiently  mixes  the  interface  and  the  two 
phases  in  each  turn  of  the  coil  to  reduce  the  mass  transfer  resistance. 
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Consequently,  solutes  introduced  locally  at  the  inlet  of  the  column  are  sub- 
jected to  an  efficient  partition  process  and  separated  according  to  their 
relative  partition  coefficients  as  in  liquid  partition  chromatography  but  in 
the  absence  of  solid  supports. 

c)  Studies  on  Partition  Capabilities  of  the  Apparatus:   The  performance  of 
the  present  apparatus  relies  upon  retention  of  the  stationary  phase  and  effi- 
ciency of  solute  partitioning  between  the  two  solvent  phases  in  the  column. 
In  order  to  determine  the  optimum  operational  conditions,  a  series  of  experi- 
ments were  performed  to  study  the  degree  of  stationary  phase  retention  and 
partition  efficiency  in  short  coiled  columns  under  various  revolutional  speeds 
and  flow  rates. 

Two  types  of  coiled  columns  were  prepared  each  from  a  7  m  long,  0.55  mm 
i.d.  PTFE  tube  winding  it  onto  a  flexible  nylon  core  of  different  diameters. 
One  column  has  a  core  diameter  of  5  mm  and  the  other  column,  1.5  mm.   In  both 
columns,  the  total  capacity  measured  was  approximately  2  ml.   These  columns 
were  mounted  on  the  column  holder  having  beta  value  of  0.75.   Two  typical 
phase  systems  were  selected,  CHCl  /CH  COOH/O.IN  HCl  (2:2:1  volume  ratio)  for 
partition  of  DNP  amino  acids,  and  n-BuOH/CH  COOH/H  0  (4:1:5  volume  ratio)  for 
partition  of  oligopeptides.   For  each  phase  system  a  pair  of  samples  with 
suitable  partition  coefficients  were  selected:   N-DNP-L-glutamic  acid  and  N- 
DNP-L-alanine  for  the  chloroform  phase  system;  L-valyl-L-tyrosine  and  L- 
tryptophyl-L-tyrosine  for  the  normal  butanol  phase  system. 

The  overall  results  indicate  that  the  satisfactory  level  of  retention 
is  obtained  over  a  wide  range  of  revolutional  speed  and  flow  rates  for  both 
solvent  systems.   The  5  mm  core  column  gives  a  slightly  higher  level  of  re- 
tention than  the  1.5  mm  core  column.   Because  of  the  solvent-wall  interaction 
in  the  narrow-bore  tube,  the  nonaqueous  phase  having  an  affinity  to  the  PTFE 
tube  gives  substantially  higher  levels  of  retention  than  the  aqueous  phase 
under  a  given  set  of  operational  conditions.   The  retention  levels  of  the 
normal  butanol  phase  system  is  generally  lower  than  those  of  chloroform  phase 
systems  due  to  its  higher  viscosity  and  the  smaller  difference  in  density 
between  the  two  phases.   Satisfactory  retention  levels  obtained  from  these 
typical  phase  systems  with  contrasting  physical  properties  suggest  that  the 
present  method  permits  universal  application  of  the  two-phase  solvent  systems. 

Overall  results  in  partition  efficiency  studies  indicate  that  the  1 . 5  mm 
core  column  yields  higher  peak  resolution  than  the  5  mm  core  column.   Although 
good  peak  resolutions  are  given  at  6  ml/hr  flow  rate  in  short  periods  of  time, 
the  highest  partition  efficiency  is  obtained  at  2.4  ml/hr  flow  rate  under 
revolutional  speeds  of  600  to   1000  rpm.   Partition  efficiency  for  the  DNP 
amino  acids  is  substantially  greater  than  that  for  the  oligopeptides  probably 
due  to  the  lower  viscosity  of  the  chloroform  phase  system. 

d)  Separation  of  DNP  amino  acids  and  oligopeptides  with  a  long  column:   The 
present  method  was  applied  for  separation  of  DNP  amino  acids  and  oligopeptides 
with  a  long  coiled  column.   The  separation  column  was  prepared  from  a  50  m 
long,  0.55  mm  i.d.   PTFE  tube  by  winding  it  onto  a  13  m  long,  1.5  mm  o.d. 
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nylon  pipe  to  make  approximately  8500  helical  turns  with  a  total  capacity  of 
about  18  ml.   The  column  was  mounted  on  the  column  holder  with  a  beta  value 
of  0.75.   Suitable  sets  of  samples  were  selected  each  from  DNP  amino  acids 
and  oligopeptides  for  separation  with  the  two-phase  solvent  systems  used  in 
the  previous  experiments. 

In  each  separation,  the  column  was  first  filled  with  the  stationary  phase 
and  5  ul  of  the  sample  solution  containing  each  component  at  0.05  to  0.6  g% 
was  injected  through  the  sample  port.   Then  the  mobile  phase  was  pumped  into 
the  column  at  a  flow  rate  of  2.4  ml/hr  while  the  apparatus  was  run  at  revolu- 
tional  speeds  ranging  between  400  and  600  rpm.   The  eluate  was  continuously 
monitored  with  an  LKB  Uvicord  III  at  280  nm. 

In  both  DNP  amino  acid  and  oligopeptide  separations,  all  components  were 
well  resolved  under  the  elution  with  either  aqueous  or  nonaqueous  phase.  DNP 
amino  acid  separation  yielded  higher  partition  efficiencies  ranging  between 
6000  and  2000  theoretical  plates.  The  oligopeptide  separations  showed  skewing 
of  the  peaks  due  to  the  non-linear  distribution  isotherm  which  can  be  reduced 
by  applying  a  lower  concentration  of  the  samples.  The  partition  efficiencies 
for  the  oligopeptide  separations  range  between  3000  and  300  theoretical  plates. 

The  present  method  has  been  successfully  applied  to  separations  of  a 
variety  of  biological  samples  such  as  gramicidine,  calcitonine  and  various 
plant  hormones. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  toroidal  coil  planet  centrifuge  is  a  compact  tabletop  model  conveniently 
used  in  research  laboratories.   It  enables  separations  of  a  variety  of  bio- 
logical samples  at  a  high  partition  efficiency  without  complication  arising 
from  the  use  of  the  solid  supports.   The  capability  of  the  present  method 
may  be  further  extended  to  separation  of  macromolecules  and  cells  with  polymer 
phase  systems  without  complication  caused  by  the  use  of  rotating  seals. 

Proposed  Course: 

1.  Application  to  separation  of  various  biological  materials  with  conventional 
two-phase  solvent  systems. 

2.  Application  of  the  method  to  partition  of  macromolecules  and  cells  with 
polymer  phase  systems. 

3.  Application  of  the  method  to  elutriation  of  cells  with  a  single  phase 
physiological  solution. 

Publications: 

1.   Ito,  Y.:   Toroidal  Coil  Planet  Centrifuge  without  Rotating  Seals  Applied 
to  Countercurrent  Chromatography.  Anal.  Biochem.  102,  150-152  (1980). 
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2,   Ito,  Y.  :   The  Toroidal  Coil  Planet  Centrifuge  for  Countercurrent 
Chromatography.  J.  Chromatography  192  (No.l)  75-87,  1980. 
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Project  Description:   Development  of  large-scale  preparative  countercurrent 
chromatography  with  a  slowly  rotating  coiled  column. 

Methods  Employed  and  Major  Findings: 

a)  Principle:   When  a  coiled  tube  filled  with  a  liquid  is  rotated  around  its 
horizontally  oriented  axis  in  the  gravitational  field,  particles  suspended  in 
the  liquid  move  toward  one  end  of  the  coil.   This  end  is  called  the  head  and 
the  other,  the  tail  of  the  coil.   When  the  coil  contains  two  immiscible  solvent 
phases,  the  rotation  soon  establishes  a  hydrodynamic  equilibrium  state  of  the 
two  phases.   In  this  state  the  two  phases  are  distributed  in  the  coil  in  such 

a  way  that  each  phase  occupies  nearly  equal  space  in  each  turn  of  the  coil  and 
any  excess  of  either  phase  remains  at  the  tail  end  of  the  coil  while  the  two 
phases  are  constantly  mixed  by  the  rotation  of  the  coil.   This  hydrodynamic 
behavior  of  the  two  phases  can  be  efficiently  used  for  solute  partitioning. 
When  the  mobile  phase  is  introduced  at  the  head  end  of  the  coil  to  disrupt  the 
hydrodynamic  equilibrium  state,  the  two  phases  quickly  react  to  re-establish 
the  original  distribution  pattern.   This  results  in  a  countercurrent  flow  of 
the  two  phases  in  the  coil:   The  stationary  phase  moves  back  toward  the  head 
end  of  the  coil  while  the  introduced  excess  amount  of  the  mobile  phase  travels 
toward  the  tail.   Consequently,  the  solutes  introduced  locally  at  the  head  of 
the  coil  are  subjected  to  an  efficient  partition  process  and  separated  accord- 
ing to  their  partition  coefficients  as  in  liquid  chromatography  but  in  the 
absence  of  solid  supports. 

b)  Apparatus:   The  motor  drives  the  rotary  frame,  consisting  of  a  pair  of 
aluminum  plates  and  links,  around  the  horizontal  stationary  pipe  mounted  on 
the  central  axis  of  the  apparatus.   The  rotary  frame  holds  a  pair  of  rotary 
shafts  symmetrically  spaced  at  15  cm  from  the  central  axis  of  the  apparatus. 
Each  rotary  shaft  is  equipped  with  a  planetary  gear  which  is  engaged  to  an 
identical  stationary  sun  gear  mounted  around  the  central  stationary  pipe. 
This  gear  coupling  produces  a  synchronous  planetary  motion  of  each  rotary 
shaft,  i.e.,  the  rotation  about  its  own  axis  and  revolution  around  the  central 
axis  of  t  ;  apparatus  in  the  same  angular  velocity  in  the  same  directions. 
This  synv.uronous  planetary  motion  of  the  rotary  shaft  eliminates  the  need  for 
the  rotating  seal  as  reported  earlier.   In  order  to  provide  mechanical  stabi- 
lity, a  short  coupling  pipe  was  (coaxially  mounted  on  the  free  end  of  the  ro- 
tary frame  and  the  other  end  of  the  coupling  pipe  was)  supported  by  the  sta- 
tionary wall  member  of  the  apparatus  through  a  ball  bearing. 

The  separation  column  consists  of  10  units  of  glass  coiled  tube  of  0.5  cm- 
i.d.  and  2.5  cm  core  diameter  (Kontes,  NJ)  connected  in  series  (head  to  tail 
connection)  with  PTFE  heat  shrinkable  tubing.   The  whole  column  has  about  500 
helical  turns  with  a  total  capacity  of  approximately  900  ml.   The  column  was 
symmetrically  arranged  around  one  of  the  rotary  shifts  by  the  aid  of  column 
supports.   Counterweight  was  applied  on  the  other  rotary  shafts  to  balance  the 
apparatus.   The  flow  tubes  from  the  column  were  first  passed  through  the  center 
hole  of  the  rotary  shaft,  led  into  the  opening  of  the  central  stationary  pipe 
through  a  side  hole  of  the  short  coupling  pipe  and  tightly  supported  at  the 
exit  hole  of  the  stationary  pipe.   These  tubes  were 
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lubricated  with  silicone  grease  and  protected  by  a  piece  of  plastic  tubing 
to  prevent  direct  contact  with  metal  parts. 

The  apparatus  can  be  operated  at  uniform  rates  ranging  from  0  to  100 
rpm,  the  limiting  factor  being  the  fragility  of  the  glass  coil.   A  Chroma- 
tronix  Cherminert  Pump  or  Beckman  Accu  Pump  was  used  to  pump  the  solvents 
and  an  LKB  Uvicord  III  to  monitor  the  absorbance  of  eluate  at  280  nm. 

c)  Preliminary  Studies  on  Partition  Capability  with  a  Short  Column: 
Performance  of  the  present  scheme  was  evaluated  by  measuring  the  degree  of 
stationary  phase  retention  and  partition  efficiency  in  a  short  column  con- 
sisting of  50  helical  turns  with  a  90  ml  total  capacity.   A  two-phase  sol- 
vent system  composed  of  chloroform,  acetic  acid  and  0.1  N  hydrochloric 
acid  at  a  volume  ratio  of  2:2:1  was  used  to  partition  a  pair  of  DNP  amino 
acids  -  2,4,N-DNP-DL-glutamic  acid  and  2 ,4 ,N-DNP-L-alanine. 

The  percentage  of  stationary  phase  volume  retained  in  the  rotating 
coiled  column  relative  to  the  total  column  capacity  was  determined  at  va- 
rious revolutional  speeds  and  flow  rates.   The  results  obtained  with  the 
stationary  nonaqueous  phase  showed  a  satisfactory  level  of  retention  up 
to  20  rpm.   The  results  with  the  stationary  aqueous  phase  produced  ideal 
levels  of  retention  in  a  wide  range  of  revolutional  speeds  and  flow  rates. 
This  excellent  retention  of  the  aqueous  phase  may  be  caused  by  the  affinity 
of  the  aqueous  phase  to  the  glass  tube  wall. 

Studies  on  partition  efficiency  were  performed  under  a  wide  range  of 
revolutional  speeds  from  0  to  40  rpm  at  the  flow  rates  of  120  ml/hr  and 
240  ml/hr  where  each  phase  was  tested  as  the  stationary  phase.   The  par- 
tition efficiency  sharply  increased  with  the  increase  in  revolutional 
speed  from  0  to  20-30  rpm,  where  the  peak  resolution  became  maximum  for 
both  stationary  phase  groups.   Further  increase  of  the  revolutional  speed 
resulted   in  loss  of  peak  resolution.   The  overall  results  indicated  that 
the  separation  can  be  attained  with  either  phase  as  the  stationary  phase. 

d)  Preparative  Countercurrent  Chromatography  with  a  Long  Column; 

The  preparative  capability  of  the  present  method  was  demonstrated  on  the 
separations  of  the  same  DNP  amino  acids  with  a  long  column  consisting  of 
10  units,  each  identical  to  that  used  in  the  preliminary  studies.   The 
sample  solution  was  prepared  by  dissolving  600  mg  of  an  equal  mixture  of 
two  components  in  30  ml  solvent.   The  separation  was  performed  under  the 
optimum  operational  condition  of  a  120  ml/hr  flow  rate  and  30  rpm  of  revo- 
lutional speed  by  eluting  with  either  nonaqueous  or  aqueous  phase.   The 
two  DNP  amino  acids  were  completely  separated  within  10  hours  in  a  high 
recovery  of  near  100%.   The  preparative  capacity  of  the  present  method  may 
be   further  increased  by  the  use  of  larger-diameter  and/or  longer  columns. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Separation  and  purification  of  a  large  amount  of  biological  materials  often 
becomes  essential  in  biochemical  and  biomedical  researches.   The  present 
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method  yields  a  highly  efficient  separation  without  complications  arising 
from  the  use  of  solid  supports.  Thus,  sample  loss,  denaturation  and  con- 
tamination are  minimized. 

Proposed  Course i 

1»   Application  of  the  method  to  separation  of  various  biological  samples. 

2i   Scaling-up  of  sample  loading  capacity. 

Publication: 

1.   Ito,  Y. :   Preparative  Countercurrent  Chromatography  with  a  Slowly 
Rotating  Glass  Coil.  J.  Chromatography  in  press 
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Annual  Report  of  the 
Pulmonary  Branch 
National  Heart,  Lung,  and  Blood  Institute 
October  1,  1979  through  September  30,  1980 

I.   Basic  Studies  of  the  Control  of  Synthesis  and  Degradation  of  the  Extracellu- 
lar Matrix.   Current  concepts  of  the  extracellular  matrix  of  the  alveolar  struc- 
tures suggest  it  is  composed  of  four  general  classes  of  materials:  (1)  collagen, 
of  which  there  are  four  types  (types  I  and  III  are  the  interstitial  collagens, 
types  IV  and  V  are  the  principle  basement  membrane  collagens);  (2)  elastic 
fibers;  (3)  proteoglycans;  and  (4)  glycoproteins  (e.g.,  fibronectin)  involved  in 
cell-cell  and  cell-matrix  interactions.   In  the  past  year,  our  studies  have  con- 
centrated on  the  control  of  connective  tissue  production  and  destruction.   The 
major  findings  in  this  area  have  been  as  follows. 

(1)  Regulation  of  collagen  production  by  human  fibroblasts.  Human  lung  fibro- 
blasts have  been  studied  in  detail  concerning  their  regulation  of  collagen  pro- 
duction.  Normally  these  cells  maintain  very  tight  control  over  the  amounts  of 
collagen  they  produce.  For  example,  collagen  production  during  periods  of  rapid 
growth  occurs  at  an  identical  rate  as  that  during  slow  growth.   However,  even 
though  these  cells  tightly  regulate  the  amounts  of  collagen  they  can  produce, 
they  can  modulate  their  collagen  production.   One  important  mechanism  by  which 
they  do  this  is  through  intracellular  degradation.   Fibroblasts  have  mechanisms 
to  "shunt"  collagen  from  the  normal  secretory  pathway  to  the  lysosomal  system. 
Detailed  evaluation  of  this  process  has  suggested  that  at  least  two  "signals" 
can  induce  fibroblasts  to  increase  intracellular  collagen  degradation.  First,  if 
the  cell  produces  non-helical  collagen,  the  intracellular  degradation  mechanisms 
recognize  this  and  destroy  this  structurally  abnormal  collagen  before  it  is 
secreted.  Second,  any  signal  that  increases  intracellular  cyclic  AIIP  will  result 
in  an  increase  in  intracellular  collagen  degradation.  Over  the  past  year, 
methods  have  also  been  developed  to  quantitate  messenger  RNA  levels  and 
activities  for  type  I  collagen  synthesis  in  cultured  fibroblasts.   Studies  of 
cells  during  periods  of  rapid  and  slow  growth  have  shown  that  there  are 
significant  alterations  in  mRHA  levels  although  the  activity  of  the  mRNA  (per 
molecule)  is  similar. 

(2)  Evaluation  of  cyclic  AIIP  levels  in  human  lung  fibroblasts  has  demonstrated 
that  this  cyclic  nucleotide  is  critically  linked  to  collagen  production.  Agents 
that  increase  intracellular  cyclic  All?  (e.g.,  B-agonists,  PEGi  cholera  toxin) 
all  decrease  collagen  production  by  these  fibroblasts.   The  concept  has  been 
developed  that  under  normal  conditions  fibroblasts  of  the  body  are  generally 
"suppressed"  in  terms  of  their  potential  for  collagen  production  by  endogenous 
6-stimulants.  This  suggests  that  the  6-adrenergic  system  "holds  back"  collagen 
production  and  thus  has  the  potential  for  significantly  modifying  the  quantity 
of  extracellular  matrix  components. 

(3)  Evaluation  of  collagen  gene  structure.   In  the  past  year,  a  major  advance 
has  been  made  in  the  evaluation  of  collagen  gene  structure  through  the  isolation 
of  a  collagen  gene  using  the  methodologies  of  recombinant  DNA.   This  collagen 
gene  represents  approximately  50%  of  the  sheep  pro  a  2  gene.  It  is  one  of  the 
most  complex  and  largest  genes  isolated  to  date.   The  structural  information  for 
50%  of  the  pro  a2  mRNA  is  contained  in  2 . 5  kilobases  of  DNA  whereas  50%  of  the 
gene  itself  is  approximately  17  kilobases.  The  vast  majority  of  this  gene  is 
comprised  of  "introns"  with  only  a  small  portion  representing  "exons"  (the 
structural  information).  Evaluation  of  the  structure  of  the  sheep  pro  a2  gene 
using  restriction  enzjnnes  and  electron  microscopic  R  loop  mapping  have  shown 
that  the  exons  are  interspersed  among  the  very  large  introns. 
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(4)  Studies  of  collagen  production  is  tendon,  skin,  and  lung  of  sheep  of 
varying  gestational  age  have  demonstrated  that  messenger  RNA  levels  signifi- 
cantly control  the  production  of  collagen  by  these  tissues.   The  percentage  of 
protein  synthesis  devoted  to  collagen  production  varies  in  these  tissues  as  a 
function  of  gestational  age  during  fetal  development,  and  appears  to  be 
paralleled,  in  general,  by  collagen  messenger  RNA  levels.   The  exception  is  in 
skin,  where  high  messenger  RNA  levels  are  maintained  late  in  gestational  life 
but  the  tissue  does  not  use  all  the  messenger  RIJA  that  is  present. 

(5)  Studies  of  elastin  production.   Methods  have  been  developed  to  quantitate 
the  amount  of  elastin  in  various  tissues  as  well  as  the  rate  of  elastin  synthe- 
sis by  small  pieces  of  tissue  maintained  in  short  term  incubations.  The  techno- 
logy has  been  developed  to  isolate  and  quantitate  the  elastin  messenger  RNA. 
Studies  of  these  developing  systems  have  shown  that,  in  general,  the  rate  of 
elastin  production  seems  to  be  controlled  by  the  amounts  of  available  elastin 
riRNA  in  the  tissue.   In  addition,  elastin  mRNA  has  been  purified  and  a  comple- 
mentary DNA  made  to  it.   This  cDNA  is  being  used  to  probe  tissues  and  cells  for 
amounts  of  messenger  RNA  and  to  screen  genomic  "libraries"  in  order  to  isolate 
the  elastin  gene. 

(6)  Destruction  of  connective  tissue  components.   Collagenase  is  an  enzyme 
which  specifically  cleaves  the  collagen  molecule  at  a  point  three-quarters  of 
the  distance  from  the  N-terminal  end.   It  has  been  thought  that  collagenase  is 
the  only  neutral  protease  that  has  access  to  connective  tissue  that  will  attack 
collagen  in  the  "collagenase"  sensitive  site.   However,  evaluation  of  human 
neutrophil  elastase  has  shown  that  it  can  also  act  as  a  "collagenase"  even 
though  it  has  a  broad  spectrum  of  other  proteolytic  activities.  Human  neutrophil 
elastase  will  cleave  type  III  collagen  at  a  site  close  to  the  "collagenase" 
site.  However,  elastase  does  not  attack  type  I  collagen.   In  contrast,  human 
neutrophil  collagenase  attacks  type  I  collagen  but  not  type  III  collagen. 

II.   Relationship  of  the  Inflammatory  and  Immune  Systems  to  the  Maintenance  of 
Lung  Structure  and  Function.   The  inflammatory  and  immune  systems  of  lung  are 
important  determinants  of  lung  structure  and  function  in  health  and  disease. 
The  Pulmonary  Branch  has  a  broad  based  program  to  evaluate  the  composition  and 
function  of  the  cellular  and  noncellular  compoents  of  this  system  in  animal 
models  and  in  human  lung.  One  major  advance  has  been  the  development  of  methods 
to  isolate  inflammatory  and  immune  effector  cells  and  noncellular  components 
from  human  lung  by  the  technique  of  bronchoalveolar  lavage,  in  which  the  fiber- 
optic bronchoscope  is  used  to  "wash  out"  a  small  segment  of  the  epithelial  sur- 
face of  the  lower  respiratory  tract.   In  the  past  year,  these  studies  have 
included: 

(1)   Recruitment  of  inf lamiaatory  and  immune  effector  cells  to  the  lung.   A  num- 
ber of  acute  and  chronic  lung  disorders  are  associated  with  accumulation  of 
neutrophils  within  the  alveolar  structures.   Recent  studies  have  demonstrated 
that  the  alveolar  macrophage  is  capable  of  being  stimulated  to  produce  a  chemo- 
tactic  factor  that  is  specific  for  neutrophils.   Some  of  the  stimuli  that  will 
induce  alveolar  macrophages  to  release  this  chemotactic  factor  include  immune 
complexes,  particulates,  and  infectious  organisms.   The  chemotactic  factor  is 
of  low  molecular  weight  and  predominently  lipid  in  nature.   Other  studies  have 
demonstrated  that  fragments  of  elastin  are  capable  of  attracting  monocytes  to 
the  lung  parenchyma.   Since  a  variety  of  human  disorders  are  associated  with 
destruction  of  elastin  fibers,  this  gives  a  mechanism  for  the  accumulation  of 
mononuclear  phagocytes  within  the  lung  parenchyma. 

/0¥£> 
2 


(2)  Animal  models.   An  animal  model  of  hypersensitivity  pneumonitis  has  been 
established  using  animals  sensitized  to  ovalbumin  and  then  given  intratracheal 
particulate  ovalbumin.  The  initial  phase  of  the  pulmonary  inflammatory  response 
is  the  accumulation  of  neutrophils  within  the  lung  parenchyma  mediated  by  re- 
lease of  neutrophil  cheraotactic  factor  by  alveolar  macrophages.   Subsequently, 
there  are  shifts  in  the  lymphocyte  cell  populations  such  that  T-lymphocytes  are 
increased  in  proportion,  likely  an  important  mechanism  for  the  subsequent  for- 
mation of  granuloma.   An  animal  model  of  bleomycin  administration  has  been  used 
to  induce  pulmonary  fibrosis  within  mice.   By  using  a  variety  of  mice  with 
genetic  abnormalities,  it  has  been  possible  to  demonstrate  that  T-lymphocytes 
are  not  necessary  for  the  development  of  the  fibrotic  lesion.   An  animal  model 
of  asbestosis  has  been  established;  the  initial  reaction  is  an  accumulation  of 
neutrophils  within  the  alveolar  structures.   The  mechanism  is  mediated  by  pro- 
duction of  neutrophil  chemotactic  factor  by  macrophages  in  which  the  asbestos 
particle  induces  the  macrophage  to  release  the  chemotactic  factor.  A  new  hered- 
itary animal  model  of  emphysema  has  been  discovered  in  the  "tight  skin"  mouse. 
These  animals  have  skin  that  is  similar  to  the  human  disease  scleroderma.   In 
their  lungs,  however,  they  have  morphologic  and  physiologic  abnormalities  ident- 
ical to  that  of  human  panacinar  emphysema.  An  animal  model  of  hereditary  inter- 
stitial lung  disease  has  been  discovered  in  the  "moth-eaten"  mouse;  this  repre- 
sents the  first  hereditary  disorder  in  animals  of  interestitial  lung  disease. 

(3)  Oxidant  injuiry  to  the  lung.  Methods  have  been  developed  to  directly  eval- 
uate oxidant  injury  to  the  lung  parenchyma  of  animals  and  humans.   Pieces  of 
lung  are  labeled  with  51cr,  a  classic  method  for  evaluating  cell  cytotoxi- 
city.  Small  pieces  of  these  labeled  explants  are  then  incubated  with  various 
mediators  or  cells  thought  to  initiate  oxidant  injury.   Some  of  the  injurious 
methods  used  include  high  concentrations  of  oxygen,  paraquat  (a  herbacide  the 
injection  of  which  is  associated  with  fatal  lung  damage),  and  a  variety  of  in- 
flammatory and  immune  effector  cells  known  to  produce  oxidants. 

(4)  Growth  factors.   One  mechanism  to  explain  the  fibrosis  is  the  interstitial 
lung  diseases  is  that  the  collagen  producing  cells  of  the  lung  are  increased  in 
number  even  though  they  may  be  producing  the  same  number  of  collagen  molecules 
per  cell.   To  evaluate  the  hypothesis  that  the  alveolar  macrophage  may  produce 
a  growth  factor  that  induces  human  fibroblasts  to  replicate,  a  variety  of 
stimuli  have  been  used  to  activate  alveolar  macrophages  in  guinea  pigs  or  humans. 
Supernatants  from  these  macrophages  have  been  added  to  human  lung  fibroblasts 

in  culture  and  the  number  of  cells  counted  as  a  function  of  time.   A  growth 
factor  has  been  identified  for  both  animal  and  human  alveolar  macrophages.  In 
addition,  particulates  such  as  asbestos  will  induce  the  alveolar  macrophage  to 
produce  this  growth  factor  thus  explaining  one  of  the  mechanisms  of  fibrosis  in 
this  disease.   In  preliminary  experiments,  human  alveolar  macrophages  have  been 
evaluated  from  patients  with  a  variety  of  interstitial  lung  diseases;  these 
studies  suggest  that  in  conditions  in  which  the  macrophage  is  activated  they 
are  producing  this  growth  factor.   This  may  represent  an  important  mechanism  of 
fibrosis  in  human  lung  disorders  and  a  possible  site  of  intervention  for  the 
therapy  of  these  diseases. 

III.   Clinical  Studies  of  Lung  Disease.   The  clinical  studies  of  the  Pulmonary 
Branch  involve  three  general  categories  of  chronic  lung  disorders:  interstitial 
lung  disease  destructive  lung  disease,  and  hereditary  lung  disease. 
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The  interstitial  lung  disorders  represent  15-30%  of  the  noninf ections  dis- 
orders of  lung.   In  the  past  year,  the  Pulmonary  Branch  has  continued  its  de- 
tailed studies  of  patients  with  interstitial  disease  with  particular  emphasis 
on  those  with  idiopathic  pulmonary  fibrosis  (IFF)  and  sarcoidosis.  The  destruc- 
tive lung  disorders  are  disorders  in  which  the  alveolar  structures  are  lost. 
Current  concepts  of  the  pathogenesis  of  these  disorders  is  defined  by  the  so- 
called  "protease-antiprotease"  theory  of  emphysema.   This  theory  holds  that  in 
the  normal  lung  there  is  a  balance  between  proteases  (e.g.,  elastase)  released 
by  inflammatory  and  immune  effector  cells  within  the  lung  balanced  by  anti — 
proteases  (e.g.,  al-antitrypsin,  a  circulating  antiprotease  that  diffuses  into 
the  lung).   In  the  destructive  lung  diseases,  presumably  there  is  an  imbalance 
such  that  the  proteases  overpower  the  anti-protease  systems,  thus  causing  con- 
nective tissue  destruction  and  loss  of  portions  of  the  alveolar  structures. 
During  the  past  year,  the  interest  of  the  Pulmonary  Branch  in  the  destructive 
lung  disorders  has  been  directed  toward  evaluating  the  influence  of  smoking  on 
destruction  in  the  lower  respiratory  tract  and  evaluation  of  the  pathogenesis 
and  therapy  of  al-antitrypsin  deficiency  (a  hereditary  disorder  associated  with 
panacinar  emphysema) .   There  are  several  forms  of  lung  disease  which  have  a 
known  hereditary  basis.   By  evaluating  these  "experiments  of  nature"  we  can 
derive  an  understanding  of  the  structure  and  function  of  the  lung  which  can 
then  be  applied  to  more  general  understanding  of  pulmonary  disorders.   In  addi- 
tion to  al-antitrypsin  deficiency,  several  of  these  disorders  have  been  chosen 
as  models  of  more  generalized  forms  of  lung  disease. 

(1)   Pathogenesis  and  therapy  of  interstitial  pulmonary  fibrosis.   Broncho- 
alveolar  studies  of  patients  with  IPF  have  demonstrated  that  approximately  70% 
of  these  individuals  have  active  collagenase  in  their  lower  respiratory  tract. 
Since  the  lung  possesses  no  anti-collagenase,  this  active  enzyme  likely  plays 
an  important  role  in  deranging  the  connective  tissue  matrix.  Detailed  evaluation 
of  the  colagenase  obtained  from  the  lungs  of  these  patients  has  shown  that  it 
is  derived  from  the  neutrophil.   Lavage  studies  have  also  demonstrated  that 
these  neutrophils  are  attracted  to  the  lungs  of  these  patients  in  a  chronic 
fashion  by  the  presence  of  immune  complexes  in  the  lower  respiratory  tract.  The 
immune  complexes  interact  with  alveolar  macrophages  to  induce  it  to  produce  a 
chemotactic  factor  specific  for  neutrophils.   Although  the  antigen  in  this 
disease  is  not  clear,  approximately  25%  of  the  patients  are  producing  IgG  in 
the  lung  directed  against  type  I  collagen.   Evaluation  of  immunoglobulin  pro- 
duction by  6~lyniphocytes  in  the  lungs  of  these  patients  show  that  they  are  pro- 
ducing approximately  150  times  more  immunoglobulin  per  10"  lymphocytes  than 
are  normal  individuals.   In  addition,  this  disease  is  localized  to  lung;  evalu- 
ation of  ^-lymphocytes  in  blood  and  bone  marrow  of  these  patients  has  shown 
that  the  elevated  immunoglobulin  production  is  specific  for  lung  3-lymphocytes. 
Prospective  evaluation  of  the  level  of  neutrophils  in  the  lungs  of  these  pa- 
tients has  shown  that  those  patients  with  high  proportions  of  neutrophils  de- 
teriorate even  on  therapy  whereas  individuals  with  low  proportions  of  neutro- 
phils stabilize  or  improve.   A  randomized  protocol  was  carried  out  in  which  in- 
dividuals were  either  treated  with  oral  prednisone  alone  or  with  oral  prednisone 
together  with  high  dose  intravenous  corticosteroids  given  on  a  once  a  week  basis 
(2  grams  solu-medrol  intravenously).  Evaluation  of  the  neutrophil  burden  in  the 
lungs  of  the  two  groups  after  four  months  demonstrated  that  those  on  high  dose 
corticosteroids  had  less  inflammation  in  the  lung  than  those  treated  with  oral 
prednisone  alone. 
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(2)  Pathogenesis  and  therapy  of  sarcoidosis.   Evaluation  of  the  inflammatory 
and  immune  effector  cells  in  the  lungs  of  patients  with  sarcoidosis  has  demon- 
strated they  comprise  high  concentrations  of  activated  T-lymphocytes .  One  of 
the  products  produced  by  these  activated  T-lyraphocytes  is  monocyte  cheraotactic 
factor;  thus  providing  a  mechanism  for  accumulation  of  monocytes  to  the  lungs 
of  these  patients.   Since  monocytes  are  the  building  blocks  for  granuloma  for- 
mation this  likely  provides  the  mechanism  by  which  granuloma  are  maintained  in 
the  sarcoid  lung.  It  has  been  known  for  some  time  that  patients  with  sarcoidosis 
have  hypergammaglobulinemia  even  though  B-lyraphocytes  in  the  peripheral  blood 
are  producing  very  little  immunoglobulin.   Evaluation  of  the  B-lymphocytes  of 
the  lungs  of  patients  with  sarcoidosis  has  shown  that  the  high  immunoglobulins 
in  the  blood  is  likely  derived  from  the  lung.  In  addition,  it  appears  that  the 
elevated  immunoglobulin  production  by  lung  lymphocytes  in  sarcoidosis  patients 
is  secondary  to  a  polyclonal  stimulation  of  lung  B-lymphocytes  by  activated 
lung  T-lymphocytes.   Prospective  evaluations  of  patients  with  sarcoidosis  have 
revealed  that  quantitation  of  T-lymphocytes  in  the  lung  together  with  quantita- 
tion of  "'gallium  scans  as  an  effective  means  to  stage  inflammation  in  these 
patients.   If  a  sarcoid  patient  has  high  intensity  alveolitis  (greater  than  28% 
T-lymphocytes  plus  a  positive  gallium  scan),  100%  of  these  will  deteriorate  in 
at  least  one  functional  parameter  over  the  subsequent  six  months.   In  contrast, 
if  the  individual  has  low  intensity  alveolitis  (T-lymphocytes  less  than  28% 
and/or  negative  gallium  scan)  there  is  more  than  80%  chance  the  patient  will 
stabilize  or  will  improve  over  the  following  six  months, 

(3)  Pathogenesis  and  therapy  of  destructive  lung  disease.  Alpha  1-antitrypsin 
is  the  major  antielastase  of  the  lower  respiratory  tract.   In  cigarette  smokers 
al-antitrypsin  levels  in  lung  are  normal.  However,  functional  evaluation  of  the 
al-antitrypsin  in  the  alveolar  structures  has  shown  that  it  is  at  least  50% 
functionally  deficient  (i.e.,  it  is  present  but  not  working  properly).   The 
likely  mechanism  for  this  is  that  cigarette  smoke,  either  by  itself  or  through 
inflammatory  and  immune  effector  cells,  oxidize  a  methionine  group  near  the 
active  site  of  this  antiprotease.  Direct  evaluation  of  lung  biopsies  of  smokers 
has  shown  that  they  have  neutrophils  within  the  lung.  Since  these  cells  carry 
elastase  and  other  proteolytic  enzymes,  this  is  likely  a  critical  mechanism 

for  the  destruction  of  lung  in  this  disease.   A  detailed  evaluation  has  been 
carried  out  of  the  protease-antiprotease  balance  within  the  lower  respiratory 
tract  of  normal  individuals  and  individuals  with  al-antitrypsin  deficiency. 
Whereas  .al-antitrypsin  is  the  major  antielastase  of  normal  individuals,  indi- 
viduals with  a  deficiency  of  this  enzyme  in  the  serum  have  no  antielastase  pro- 
tection in  the  lower  respiratory  tract.   Two  therapeutic  protocols  have  been 
carried  out  for  destructive  lung  disease,  both  involving  patients  with  homo- 
zygous PiZ  al-antitrypsin  deficiency.   The  impeded  androgen  Danasol  has  been 
used  for  one  month  period  in  a  group  of  patients;  in  the  vast  majority,  al- 
antitrypsin  levels  increased  approximately  50%.   While  this  does  not  cure  the 
disease,  it  does  bring  the  al-antitrypsin  levels  closer  to  the  theoretical  pro- 
tective threshold  (80  mg/dl)  of  serum  al-antitrypsin.  A  direct  therapeutic  ap- 
proach to  al-antitrypsin  deficiency  has  been  taken  in  which  5  patients  were 
treated  with  intravenous  replacement  of  al-antitrypsin  derived  from  pooled 
plasma  of  normal  individuals.   Each  individual  was  given  4  gm  of  aL-antitrypsin 
intravenously  over  an  8  hour  period  once  a  week  for  4  weeks.  In  all  5,  the 
levels  achieved  for  the  one  month  period  were  consistently  above  80  mg/dl.   In 
addition,  direct  evaluation  of  the  antiprotease  screen  of  the  lower  respiratory 
tract  of  these  patients  has  shown  that  whereas  they  were  devoid  of  antielastase 
protection  before  therapy,  after  intravenous  al-antitrypsin  infusions,  they  had 
adequate  lung  antielastase  protection. 


(4)  Scintigraphic  evaluation  of  patients  with  chronic  lung  disease.   Gallium 
scans  have  continued  to  play  an  important  role  in  evaluation  of  chronic  inflam- 
matory disease.   This  technique  is  gaining  wide  acceptance  since  its  use  was 
pioneered  by  the  Department  of  Nuclear  Medicine,  Clinical  Center  in  conjunction 
with  the  Pulmonary  Branch.  Gallium  scans  have  been  evaluated  both  in  idiopathic 
pulmonary  fibrosis  and  sarcoidosis  in  a  prognosis  use  in  determining  which  pa- 
tients will  deteriorate.  Together  with  bronchoalveolar  lavage  this  is  a  useful, 
nonevasive  method  to  evaluate  these  patients.  A  new  method  has  been  developed 
by  the  Nuclear  Medicine  Department  by  which  dynamic  ventilation  scans  can  be 
carried  out  both  at  rest  and  in  exercise.  These  scans  utilize  ■'^^'Xe  in  inhala- 
tion and  then  study  the  lung  as  a  function  of  time.  "Movies"  can  be  made  of  the 
lung  "breathing."  Preliminary  use  of  this  method  has  suggested  that  it  may  be 
very  useful  in  evaluating  a  variety  of  lung  disorders  such  as  destructive  lung 
disease. 

(5)  Morphologic  evaluation  of  fibrotic  lung.   Electron  microscopic  evaluation 
of  upper  lung  biopsies  from  patients  with  interstitial  lung  disease  have  been 
evaluated  in  collaboration  with  the  Pathology  Branch,  NHLBI  and  Dr.  Francoise 
Basset,  Hospital  Bichat,  University  of  Paris  (through  a  cooperative  agreement 
with  INSERM  and  NIH) .   These  studies  have  demonstrated  a  number  of  new  findings 
including:   (a)  nuclear  inclusions  in  epithelial  cell  nuclei;  (b)  accumulation 
of  mast  cells  in  the  alveolar  structures  of  patients  with  fibrotic  lung  disease; 
(c)  a  new  structure,  "anchoring  fibrils",  which  are  found  in  normal  bronchi  but 
not  in  alveolar  structures  and  are  present  in  large  abundance  beneath  the  base- 
ment membrane  of  patients  with  fibrotic  lung  disease;  (d)  evaluation  of  the 
derivation  of  the  epithelial  cells  in  fibrotic  lung  disease  to  demonstrate  that 
they  are  not  only  derived  from  the  existing  epithelial  cells  but  also  from  the 
bronchiolar  epithelium;  and  (e)  the  evaluation  of  so-called  "Langerhan's  cells" 
in  the  lungs  of  patients  with  fibrotic  lung  disease,  particularly  those  with 
histiocytosis-X. 

(6)  Physiologic  studies.  Detailed  evaluation  of  Fabry's  disease  (Angiokeratoma 
Corporis  Diffusion  Unlverslae)  a  sex-linked  sphingolipid  disorder,  has  shown 
that  these  patients  have  airway  disease.  The  functional  abnormalities  to  limita- 
tion of  the  airflow  is  correlated  with  morphological  findings  of  deposits  of 
ceramide  trihoxoside  in  epithelial  cells  of  the  bronchi  of  these  patients.  Func- 
tional evaluation  of  patients  with  Wegener's  granulomatosis  have  demonstrated 
that  they  have  functional  abnormalities  in  volume,  flow  rates,  and  diffusing 
capacity.   Whereas  the  first  two  seem  to  improve  with  therapy  the  diffusing 
capacity  may  continue  to  deteriorate.   Functional  parameters  may  be  useful  to 
follow  these  patients  in  addition  to  X-ray. 

(7)  Connective  tissue  changes  in  fibrotic  lung  disease.  Evaluation  of  collagen 
concentration  and  rates  of  collagen  synthesis  in  patients  with  idiopathic  pul- 
monary fibrosis  have  demonstrated  that  both  are  normal.   Although  this  may  seem 
suprising  and  not  consistent  with  the  morphology,  it  suggests  that  the  fibrotic 
process  is  much  more  complex  than  originally  thought  and  likely  involves  altera- 
tions not  only  in  the  amount  but  also  location,  type  and  form  of  connective  tis- 
sue. Evaluation  of  bronchoalveolar  lavage  of  patients  with  fibrotic  lung  disease 
have  shown  that  they  have  elevations  of  fibronectin,  a  connective  tissue  macro- 
molecule  known  to  mediate  cell-cell  and  cell-matrix  interactions.  Normal  indi- 
viduals have  the  same  levels  of  fibronectin  in  lavage  fluid  as  in  serum,  sug- 
gesting that  the  elevation  in  the  lungs  of  patients  with  fibrotic  lung  disease 
may  be  associated  with  the  inflammatory  process  which  destroys  the  fibronectin 
within  the  lung. 


(8)  Hereditary  studies  of  connective  tissue.  Studies  have  continued  to  evaluate 
the  lung  function  of  patients  with  hereditary  disorders  of  connective  tissue 
such  as  osteogenesis  imperfecta  and  Ehlers-Danlos  syndrome  (particularly  type 
IV).   Most  of  the  data  to  data  suggest  that  lung  function  in  these  individuals 
is  normal.   Since  it  is  known  that  each  of  these  patients  studied  have  marked 
abnormalities  in  connective  tissue  in  other  parts  of  the  body  this  would  sug- 
gest that  there  may  be  more  than  one  gene  for  each  collagen  type.   For  example, 
skin  biopsies  of  patients  with  Ehlers-Dnalos  syndrome  have  a  deficiency  of  type 
III  collagen,  if  type  III  collagen  is  important  in  lung  function  (which  it  is 
thought  to  be)  then  it  is  unlikely  that  the  same  gene  is  operating  in  the  lung 
parenchyma. 


/£>¥5r 


i 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  HL  02405-07  PB 


PERIOD  COVERED 


October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Relationship  of  Inflammatory  and  Immune  Systems  to  the 
Maintenance  of  Lung  Structure  and  Function 


NAMES,    LABORATORY   AND    INSTITUTE  AFFILIATIONS,    AND   TITLES  OF    PRINCIPAL    INVEST 

PROFESSIONAL 
PI: 

PERSONNEL    ENGAGED    ON 
R.    Crystal 

THE 

PROJECT 

Chief,    Pulmonary  Branch 

Other: 

G. 

Hunninghake 

Staff   Investigator 

J. 

Gadek 

Staff   Investigator 

K. 

Bradley 

Chemist 

G. 

Fells 

Biologist 

R. 

Zimmerman 

Biologist 

B. 

Keogh 

Staff    Investigator 

S. 

Szapiel 

Biologist 

C. 

Schoenberger 

Clinical  Associate 

P. 

Bitterman 

Clinical  Associate 

W. 

Martin 

Guest  Worker 

R. 

Haber 

Biologist 

IGATORS  AND  ALL  OTHER 

NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 
NHLBI  PB 


COOPERATING  UNITS  (if  anj 
None 


lab/branch 


Pulmonary   Branch 


SECTION 


INSTITUTE  AND   LOCATION 

NHLBI,    NIH,    Bethesda,    Maryland   20205 


TOTAL  MANYEARS: 

9.3 


PROFESSIONAL: 

6.3 


OTHER: 


3.0 


CHECK  APPROPRIATE  BOX(ES) 
K  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   □  (a2)  INTERVIEWS 


g((b)  HUMAN  TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  clear  that  the  inflammatory  and  immune  systems  are  critically  important  for 
the  maintenance  of  lung  structure  and  function  in  health  and  disease.   The 
Pulmonary  Branch  has  instituted  a  broad-based  program  to  evaluate  the  composition 
and  function  of  the  cells  comprising  these  systems  in  animal  models  and  in  both 
normal  and  diseased  human  lung.   Methods  have  been  developed  to  define  these 
cell  populations  and  evaluate  their  effector  function.   Particular  attention  is 
being  paid  to  macrophage  production  of  factors  chemotactic  for  neutrophils, 
influence  of  Immune  effector  cells  on  connective  tissue  production  by  mesenchymal 
cells,  evaluation  of  the  inflammatory  and  immune  effector  cells  comprising  the 
alveolitis  of  idiopathic  pulmonary  fibrosis  and  sarcoidosis,  and  animal  models 
of  hypersensitivity  pneumonitis. 


PHS-6040 
(Rev.  10-76) 


/oY^ 


Project  No.  ZOl  HL  02405-07  PB 

Other:     P.  Broska  Bio  Lab  Tech  NHLBI  PB 

B.  Davis  Staff  Investigator  NHLBI  PB 

E.  Moritz  Staff  Investigator  NHLBI  PB 

G.  Rossi  Visiting  Associate  NHLBI  PB 


/^y^ 


Project  No.  ZOl  HL  02405-07  PB 

Project  Description: 

Objectives:   The  vast  number  of  chronic  disorders  of  the  alveolar  structures 
are  associated  with  an  alveolitis,  i.e.,  the  accumulation  of  inflammatory  and 
immune  effector  cells  within  the  alveolar  interstitium  and  alveolar  air  spaces. 
In  the  past  year  the  Pulmonary  Branch  has  continued  a  broad  based  program  to 
evaluate  the  composition  and  effector  function  of  the  alveolitis  of  these 
disorders.   Our  objectives  in  the  past  year  have  been  to:   (1)  develop  animal 
models  of  interstitial  lung  disease  in  which  the  influence  of  the  inflammatory 
and  immune  systems  can  be  evaluated;  (2)  evaluation  of  the  mechanisms  of  in- 
flammatory and  immune  effector  cell  traffic  into  the  alveolar  structures; 
(3)  evaluation  of  the  influence  of  immune  effector  cells  on  extracellular 
matrix  macromolecule  production  by  mesenchymal  cells;  and  (4)  evaluation  of 
the  immune  and  inflammatory  effector  cells  comprising  the  alveolitis  of  the 
human  interstitial  lung  disorders  (see  also  Project  No.  ZOl  HL  02407-06  PB) . 

Methods:   The  techniques  used  for  these  studies  are  standard  in  the  fields 
of  inflammation  and  immunology.   For  animal  studies  of  interstitial  lung  disease 
two  stimuli  were  used:   (1)  bleomycin,  an  anti-tumor  antibiotic  known  to 
cause  interstitial  lung  disease  in  10%  of  patients  receiving  it;  (2)  particulate 
ovalbumin  in  previously  sensitized  animals;  the  particulate  ovalbumin  is  used 
as  an  analogue  of  antigens  in  the  hypersensitivity  lung  disorders.   For  the 
bleomycin  studies,  mice  are  utilized  that  have  carefully  defined  genetic 
strains  lacking  a  component  of  the  immune  system.   For  the  hypersensitivity 
studies,  inbred  strains  of  guinea  pigs  are  utilized.   To  evaluate  the  mech- 
anism of  the  inflammatory  and  immune  effector  cell  traffic  into  the  alveolar 
structures,  alveolar  macrophages  derived  from  the  guinea  pig  lung  were  cul- 
tured in  vitro  with  various  agents  used  as  analogues  of  stimuli  causing  human 
disorders.   In  addition,  alveolar  macrophages  from  normal  human  volunteers 
were  utilized  in  vitro  in  similar  studies.   In  both  of  these  situations, 
various  target  cells  were  used  to  evaluate  the  possible  chemotactic  factors 
produced  by  the  alveolar  macrophages  under  various  states  of  stimulation. 
To  evaluate  the  inflammatory  and  immune  effector  cells  comprising  the  alveolitis 
of  the  human  interstitial  lung  disorders  (see  also  Project  ZOl  HL  02407-06 
PB),  two  methodologies  were  utilized:   (1)  bronchoalveolar  lavage  via  the 
fiberoptic  bronchoscope;  and  (2)  open  lung  biopsy.   In  both  cases,  inflammatory 
and  immune  effector  cells  were  recovered,  purified  by  gradient  centrifugation 
and  subtypes  of  the  cells  purified  by  conventional  means.   These  cell  popu- 
lations were  then  evaluated  for  types  of  cells  present  and  effector  function 
of  the  cells. 

Major  Findings:   In  the  past  year,  these  studies  have  included: 
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(1)  Recruitment  of  inflammatory  and  immune  effector  cells  to  the  lung.   A 
number  of  acute  and  chronic  lung  disorders  are  associated  with  accumulation  of 
neutrophils  within  the  alveolar  structures.   Recent  studies  have  demonstrated 
that  the  alveolar  macrophage  is  capable  of  being  stimulated  to  produce  a 
chemotactic  factor  that  is  specific  for  neutrophils.   Some  of  the  stimuli 
that  will  induce  alveolar  macrophages  to  release  this  chemotactic  factor  in- 
clude immune  complexes,  particulates,  and  infectious  organisms.   This  phenom- 
enon seems  to  be  similar  across  species  lines  including  humans.   The  chemo- 
tactic factor  is  of  low  molecular  weight  and  predominently  lipid  in  nature. 
However,  it  is  distinct  from  all  other  chemotactic  factors  including  the  lipid 
chemotactic  factors  produced  by  mast  cells.   Other  studies  have  demonstrated 
that  fragments  of  elastin  are  capable  of  attracting  monocytes  to  the  lung 
parenchyma.   Since  a  variety  of  human  disorders  are  associated  with  destruc- 
tion of  elastin  fibers,  this  gives  a  mechanism  for  the  accumulation  of  mono- 
nuclear phagocytes  within  the  lung  parenchyma.   Evaluation  of  the  elastin 
fragments  suggested  that  elastin  cross-links  are  necessary  compliments  to 
provide  the  chemotactic  stimulus. 

(2)  Animal  models.   An  animal  model  of  hypersensitivity  pneumonitis  has  been 
established  using  animals  sensitized  to  ovalbumin  and  then  given  intratracheal 
particulate  ovalbumin.   The  initial  phase  of  the  pulmonary  inflammatory  re- 
sponse is  the  accumulation  of  neutrophils  within  the  lung  parenchyma.   This 

is  mediated  by  production  of  neutrophil  chemotactic  factor  by  alveolar  macro- 
phages. 

Subsequently,  there  are  shifts  in  the  lymphocyte  cell  populations  such  that 
T- lymphocytes  are  increased  in  proportion.   This  is  likely  an  important 
mechanism  for  the  subsequent  formation  of  granuloma  in  these  disorders. 
An  animal  model  of  bleomycin  administration  has  been  used  to  induce  pul- 
monary fibrosis  within  mice.   By  using  a  variety  of  mice  with  genetic 
abnormalities,  it  has  been  possible  to  demonstrate  that  T- lymphocytes 
are  not  necessary  for  the  development  of  the  fibrotic  lesion.   An  animal 
model  of  asbestosis  has  been  established.   In  humans  it  has  been  demonstrated 
that  there  are  neutrophils  in  the  lungs  of  patients  with  asbestosis.   In 
this  animal  model  in  guinea  pigs  the  initial  reaction  is  also  an  accumulation 
of  neutrophils  within  the  alveolar  structures.   The  mechanism  also  seems  to 
be  mediated  by  production  of  neutrophil  chemotactic  factor  by  the  alveolar 
macrophage  in  which  the  asbestos  particle  induces  the  macrophage  to  release 
the  chemotactic  factor.   A  new  hereditary  animal  model  of  emphysema  has  been 
discovered  in  the  so-called  "tight  skin"  mouse.   These  animals  have  skin  that 
is  similar  to  the  human  disease  scleroderma.   In  their  lungs,  however,  they 
have  morphologic  and  physiologic  abnormalities  identical  to  that  of  human 
panacinar  emphysema.   Preliminary  evaluation  of  the  pathogenesis  of  the  lung 
lesion  suggests  that  there  is  an  accumulation  of  inflammatory  and  immune 
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effector  cells  including  poljrmorphonuclear  leukocytes.   Evaluation  of  the  serum 
antiproteases  in  these  animals  suggest  they  have  an  adequate  antielastase. 
Thus,  if  a  protease-antiprotease  imbalance  is  responsible  for  the  pathogenesis 
of  emphysema  in  the  tight  skin  mouse  it  would  have  to  be  due  to  a  protease 
excess  rather  than  antiprotease  deficiency.   An  animal  model  of  hereditary 
interstitial  lung  disease  has  been  discovered  in  the  "moth-eaten"  mouse.   This 
represents  the  first  hereditary  disorder  in  animals  of  interestitial  lung 
disease.   The  model  is  a  complex  one  as  there  are  a  variety  of  complex  inflam- 
matory and  immune  processes  ongoing  both  within  the  lung  and  systemically  in 
these  animals.   However,  they  die  of  pulmonary  insufficiency  with  alveolitis 
and  fibrosis. 

(3)  Oxidant  injury  to  the  lung.   Methods  have  been  developed  to  directly 
evaluate  oxidant  injury  to  the  lung  parenchyma  of  animals  and  humans.   Pieces 
of  lung  are  taken  and  labeled  with   Cr,  a  classic  method  for  evaluating  cell 
cytotoxicity.   Small  pieces  of  these  labeled  explants  are  then  incubated  with 
various  mediators  or  cells  thought  to  initiate  oxidant  injury.   Some  of  the 
injurious  methods  used  include  high  concentrations  of  oxygen,  paraquat  (a 
herbacide  the  injection  of  which  is  associated  with  fatal  lung  damage), 

and  a  variety  of  inflammatory  and  immune  effector  cells  known  to  produce 
oxidants.   This  model  system  has  easy  adaptability  to  evaluation  of  drugs  that 
may  protect  the  lung  from  oxidant  injury. 

(4)  Growth  factors.   One  mechanism  to  explain  the  fibrosis  in  the  interstitial 
lung  diseases  is  that  the  collagen  producing  cells  of  the  lung  are  increased 

in  number  even  though  they  may  be  producing  the  same  number  of  collagen  mole- 
cules per  cell.   To  evaluate  the  hypothesis  that  the  alveolar  macrophage  may 
produce  a  growth  factor  that  induces  human  fibroblasts  to  replicate,  a  variety 
of  stimuli  have  been  used  to  activate  alveolar  macrophages  in  guinea  pigs  or 
humans.   Supernatants  from  these  macrophages  have  been  added  to  human  lung 
fibroblasts  in  culture  and  the  number  of  cells  counted  as  a  function  of  time. 
A  growth  factor  has  been  identified  for  both  animal  and  human  alveolar  macro- 
phages.  In  addition,  particulates  such  as  asbestos  will  induce  the  alveolar 
macrophage  to  produce  this  growth  factor  thus  explaining  one  of  the  mechanisms 
of  fibrosis  in  this  disease.   In  preliminary  experiments,  human  alveolar  macro- 
phages have  been  evaluated  from  patients  with  a  variety  of  interstitial  lung 
diseases;  these  studies  suggest  that  in  conditions  in  which  the  macrophage  is 
activated  they  are  producing  this  growth  factor.   This  may  represent  an  im- 
portant mechanism  of  fibrosis  in  human  lung  disorders  and  a  possible  site  of 
intervention  for  the  therapy  of  these  diseases. 

(5)  Anti-thymocyte  cross-reactivity.   Anti-thymocyte  globulin  is  a  frequently 
used  reagent  in  helping  individuals  to  accept  transplants  of  organs.   One  of 
the  problems  in  these  patients  is  a  pneumonitis,  generally  thought  to  be  due  to 
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Infection.   However,  evaluation  of  commercially  available  anti-thymocyte 
globulin  has  shown  that  it  cross-reacts  with  a  variety  of  human  lung  cells  in- 
cluding human  lung  fibroblasts  and  human  alveolar  macrophages.   Thus,  one 
mechanism  by  which  inflammatory  lung  disease  occurs  in  these  individuals  is 
by  a  side  effect  of  the  therapeutic  agent  rather  than  secondary  infection. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
hypothesis  that  the  inflammatory  and  immune  systems  are  important  factors  in 
modulating  the  development  of  interstitial  lung  disease  is  becoming  a  proven 
reality.   It  is  likely  that  if  it  is  possible  to  effectively  treat  these 
disorders,  the  most  vulnerable  complement  in  the  pathogenesis  will  be  at  this 
step.   A  definition  of  the  cells  comprising  the  alveolitis  of  these  disorders 
as  well  as  the  function  of  the  cells  comprising  it,  are  critical  steps  in 
understanding  the  process  involved  in  the  production  of  interstitial  lung 
disease. 

Proposed  Course:   Studies  will  continue  to  utilize  animal  models  as  well  as 
cells  obtained  from  humans,  to  evaluate  the  role  of  the  inflammatory  and  immune 
systems  in  the  maintenance  of  alveolar  structure  in  health  and  disease. 
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Project  Description: 

Objectives :   The  interstitial  lung  disorders  represent  15  to  30%  of  the 
non- infectious  disorders  of  the  lung.   There  are  more  than  130  separable 
disease  entities  associated  with  interstitial  disease,  but  they  can  be 
categorized  into  two  general  groups:   those  of  known  etiology  and  those  of 
unknown  etiology.   The  interstitial  lung  diseases  of  known  etiology  include 
the  occupational  and  environmental  inhalents  (inorganic  dust,  organic  dust, 
gases,  fumes,  vapors,  aerosols),  drugs,  poisons,  radiation,  and  interstitial 
disease  caused  by  disorders  of  organs  other  than  lung.   The  interstitial  lung 
diseases  of  unknown  etiology  include  more  than  20  different  categories,  the 
most  important  of  which  are  idiopathic  pulmonary  fibrosis  (IPF) ,  chronic 
interstitial  disease  associated  with  the  collagen  vascular  disorders, 
sarcoidosis,  and  eosinophilic  granuloma.   The  Pulmonary  Branch  has  undertaken 
a  detailed  study  of  patients  with  interstitial  disease,  particularly  those 
with  IPF,  sarcoidosis  and  interstitial  disease  caused  by  inorganic  and  organic 
dusts.   IPF  has  been  of  particular  interest  as  it  represents  a  chronic 
devastating  illness  resulting  in  death  an  average  of  4  to  5  years  from  the 
onset  of  symptoms.   Although  approximately  5  to  10%  of  patients  with  IPF 
respond  to  corticosteroids,  there  is  no  known  treatment  for  the  remainder. 
Although  sarcoidosis  is  a  less  devastating  illness  for  most  patients  with 
the  disease,  it  represents  a  more  common  form  of  interstitial  lung  disease, 
occurring  in  40/100,000  blacks  in  this  country.   Of  those,  5  to  11%  will 
eventually  die  of  the  disease  and  up  to  30%  are  disabled  by  pulmonary  in- 
sufficiency.  The  objectives  of  our  studies  are  to  define  the  natural  history, 
etiology,  pathogenesis,  pathophysiology,  and  therapy  of  the  interstitial 
lung  diseases.   In  the  past  year,  we  have  concentrated  primarily  on  IPF  and 
sarcoidosis. 

The  destructive  lung  disorders  are  disorders  in  which  the  alveolar 
structures  are  lost.   Current  concepts  of  the  pathogenesis  of  these  disorders 
is  defined  by  the  so-called  "protease-antiprotease"  theory  of  emphysema.   This 
theory  holds  that  in  the  normal  lung  there  is  a  balance  between  proteases 
(i.e.,  elastase)  released  by  inflammatory  and  immune  effector  cells  both 
within,  and  trafficking  to  the  lung,  balanced  by  anti-proteases  (i.e.,  al- 
antiproteinase,  a  circulating  antiprotease  that  diffuses  into  the  lung). 
In  the  destructive  lung  diseases,  presumably  there  is  an  imbalance  such  that 
the  proteases  overpower  the  anti-protease  systems,  thus  causing  connective 
tissue  destruction  and  loss  of  portions  of  the  alveolar  structures.   During 
the  past  year,  the  interest  of  the  Pulmonary  Branch  in  the  destructive  lung 
disorders  has  been  directed  toward  the  influence  of  smoking  on  destruction  in 
the  lower  respiratory  tract,  evaluation  of  the  therapy  of  al-antitrypsin  de- 
ficiency (a  hereditary  disorder  associated  with  panacinar  emphysema) ,  and 
various  other  clinical  studies  of  lung  diseases  associated  with  destruction 
of  the  alveolar  structures. 
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There  are  several  forms  of  lung  disease  which  have  a  known  hereditary 
basis.   By  evaluating  these  "experiments  in  nature"  we  can  derive  an  under- 
standing of  the  structure  and  function  of  the  lung  which  can  then  be  applied 
to  more  general  understanding  of  pulmonary  disorders.   In  addition  to 
al-antitrypsin  deficiency  discussed  above,  Fabry's  Disease  and  hereditary 
disorders  of  connective  tissue  have  also  been  studied. 

Methods :   Patients  admitted  to  the  Pulmonary  Branch  Clinical  Service  enter 
an  extensive  protocol  which  includes:   detailed  medical  and  pulmonary  history 
and  physical  exam,  routine  serologic,  roentgenographic  and  EKG  studies, 
serologic  studies  aimed  at  immune  processes;  pulmonary  function  studies 
including  lung  volumes,  flow  rates,  diffusing  capacity,  flow-volume  curves, 
closing  volume,  closing  capacity,  body  plethysmography  for  functional 
residual  volume  and  airway  resistance,  static  and  dynamic  pressure-volume 
curves,  ventilatory  and  arterial  blood  gas  studies  at  rest  and  exercise,  lung 
lavage  for  cellular  function  and  morphology  as  well  as  non-cellular  con- 
stituents of  the  lower  respiratory  tract,  ventilation  and  perfusion  scans, 
and  gallium  67  scans.   In  some  patients,  the  pulmonary  circulation  is  evalu- 
ated with  right  heart  catheterization  at  rest  and  exercise.   When  indicated 
lung  biopsy  is  done  either  thru  the  fiberoptic  bronchoscope  or  via  open 
thoracotomy.   Tissues  are  studied  by  light  microscopy,  electron  microscopy 
culture,  evaluation  of  the  cellular  components  of  the  inflammatory  and  immune 
systems  and  evaluation  of  the  constitutents  of  the  extracellular  matrix. 
Selected  patients  are  entered  into  drug  treatment  protocols  aimed  at  halt- 
ing the  alveolitis  of  the  disease. 

Major  Findings: 

(1)   Pathogenesis  and  therapy  of  interstitial  pulmonary  fibrosis.   Broncho- 
alveolar  studies  of  patients  with  idiopathic  pulmonary  fibrosis  (IPF)  have 
demonstrated  that  approximately  70%  of  these  individuals  have  active  col- 
lagenase  in  their  lower  respiratory  tract.   Since  the  lung  possesses  no 
anti-collagenase,  this  active  enz3rme  likely  plays  an  important  role  in  deranging 
the  connective  tissue  matrix.   Detailed  evaluation  of  the  collagenase  obtained 
from  the  lungs  of  these  patients  has  shown  that  it  is  derived  from  the  neutro- 
phil.  Lavage  studies  have  also  demonstrated  that  these  neutrophils  are 
attracted  to  the  lungs  of  these  patients  in  a  chronic  fashion  by  the  presence 
of  immune  complexes  in  the  lower  respiratory  tract.   The  immune  complexes 
interact  with  alveolar  macrophages  to  induce  it  to  produce  a  chemotactic 
factor  specific  for  neutrophils.   Although  the  antigen  in  this  disease  is  not 
clear,  approximately  25%  of  the  patients  are  producing  IgG  in  the  lung  dir- 
ected against  type  I  collagen.   Evaluation  of  immunoglobulin  production  by 
B- lymphocytes  in  the  lungs  of  these  patients  show  that  they  are  producing 
approximatley  150  times  more  immunoglobulin  per  10   lymphocytes  than  are 
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normal  individuals.   In  addition,  this  disease  is  localized  to  lung;  evalu- 
ation of  B-lymphocytes  in  blood  and  bone  marrow  of  these  patients  has  shown 
that  the  elevated  immunoglobulin  production  is  specific  for  lung  B-lymphocytes. 
Prospective  evaluation  of  the  level  of  neutrophils  in  the  lungs  of  these 
patients  in  terms  of  functional  status  one  year  later  has  shown  that  those 
patients  with  high  proportions  of  neutrophils  deteriorate  even  on  therapy 
whereas  individuals  with  low  proportions  of  neutrophils  stabilize  or  im- 
prove.  A  double-blind  study  has  been  completed  in  which  all  patients  with 
IFF  have  been  treated  with  corticosteroids  and  50%  (in  a  double-blind  fashion) 
treated  with  azathioprine.   Evaluation  of  the  functional  status  of  these 
patients  after  one  year  demonstrated  no  difference  between  the  two  groups. 
However,  those  on  azathioprine  had  higher  incidences  of  drug  toxicity.   A 
randomized  protocol  was  also  carried  out  in  which  individuals  were  either 
treated  with  oral  prednisone  alone  or  with  oral  prednisone  together  with  high 
dose  intravenous  corticosteroids  given  on  a  once  a  week  basis  (2  grams  solu- 
medrol  intravenously) .   Evaluation  of  the  neutrophil  burden  in  the  lungs  of 
the  two  groups  after  four  months  demonstrated  that  those  on  high  dose  cortico- 
steroids clearly  had  less  inflammation  in  the  lung  than  those  treated  with 
oral  prednisone  alone. 

(2)   Pathogenesis  and  therapy  of  sarcoidosis.   Evaluation  of  the  inflammatory 
and  immune  effector  cells  in  the  lungs  of  patients  with  sarcoidosis  has  demon- 
strated they  have  high  concentrations  of  T- lymphocytes  and  that  these  T- 
lymphocytes  are  activated.   One  of  the  products  produced  by  these  activated 
T- lymphocytes  is  monocyte  chemotactic  factor;  thus  providing  a  mechanism  for 
accumulation  of  monocytes  to  the  lungs  of  these  patients.   Since  monocytes  are 
the  building  blocks  for  granuloma  formation  this  likely  provides  the  mechanism 
by  which  granuloma  are  maintained  in  the  sarcoid  lung.   It  has  been  known  for 
some  time  that  patients  with  sarcoidosis  have  hypergammaglobulinemia  even 
though  B-lymphcoytes  in  the  peripheral  blood  are  producing  very  little  immuno- 
globulin.  Evaluation  of  the  B-lymphocytes  of  the  lungs  of  patients  with 
sarcoidosis  has  shown  that  the  high  immunoglobulins  in  the  blood  is  likely 
derived  from  the  lung.   In  addition,  it  appears  that  the  elevated  immuno- 
globulin production  by  lung  lymphocytes  in  sarcoidosis  patients  is  second- 
ary to  a  polyclonal  stimulation  of  lung  B-lymphocytes  by  activated  lung 
T- lymphocytes.   Several  investigators  have  proposed  that  angiotensin  con- 
verting enzyme  is  an  useful  method  to  evaluate  the  activity  of  sarcoidosis. 
However,  correlation  of  serum  angiotensin  converting  enzyme  levels  in  the 
blood  of  these  patients  with  the  proportions  of  T- lymphocytes  in  the  lung 
have  demonstrated  that  there  are  both  false  positives  and  false  negatives 
of  serum  angiotensin  converting  enzyme.   Prospective  evaluations  of  patients 
with  sarcoidosis  have  revealed  that  quantitation  of  T-lymphocytes  in  the 
lung  together  with  quantitation  of   gallium  scans  as  an  effective  means  to 
stage  inflammation  in  these  patients.   If  a  sarcoid  patient  has  high  intensity 
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alveolitis  (greater  than  28%  T-ljnnphocytes  plus  a  positive  gallium  scan), 
100%  of  these  will  deteriorate  in  at  least  one  functional  parameter  over 
the  subsequent  six  months.   In  contrast,  if  the  individual  has  low  intensity 
alveolitis  (T- lymphocytes  less  than  28%  and/or  negative  gallium  scan) ,  there 
is  more  than  80%  chance  the  patient  will  stabilize  or  will  improve  over  the 
following  six  months. 

(3)  Pathogenesis  and  therapy  of  destructive  lung  disease.   Alpha  1-anti- 
trypsin  is  the  major  antielastase  of  the  lower  respiratory  tract.   In 
cigarette  smokers  al- antitrypsin  levels  in  lung  are  normal.   However,  func- 
tional evaluation  of  the  al-antitrypsin  in  the  alveolar  structures  has  shown 
that  it  is  at  least  50%  functionally  deficient  (i.e.,  it  is  present  but  not 
working  properly).   The  likely  mechanism  for  this  is  that  cigarette  smoke, 
either  by  itself  or  through  inflammatory  and  immune  effector  cells,  oxidize 
a  methionine  group  near  the  active  site  of  this  antiprotease.   Direct  evalu- 
ation of  lung  biopsies  of  smokers  has  shown  that  they  have  neutrophils  within 
the  lung.   Since  these  cells  carry  elastase  and  other  proteolytic  enzymes,  this 
is  likely  a  critical  mechanism  for  the  destruction  of  lung  in  this  disease. 

A  detailed  evaluation  has  been  carried  out  of  the  protease-antiprotease  balance 
within  the  lower  respiratory  tract  of  normal  individuals  and  individuals  with 
al-antitrypsin  deficiency.   Whereas  al-antitrypsin  is  the  major  antielastase 
of  normal  individuals,  individuals  with  a  deficiency  of  this  enzyme  in  the 
serum  have  no  antielastase  protection  in  the  lower  respiratory  tract.   Two 
therapeutic  protocols  have  been  carried  out  for  destructive  lung  disease, 
both  involving  patients  with  homozygous  PiZ  al-antitrypsin  deficiency.   The 
impeded  androgen  Danazol  (2, 3-isoxazol-17  a-ethinyl  testosterone)  has  been 
used  for  over  a  one  month  period  in  a  group  of  patients.   In  the  vast  majority, 
al-antitrypsin  levels  increased  approximately  50%.   While  this  does  not  cure 
the  disease,  it  does  bring  the  al-antitrypsin  levels  closer  to  the  theoretical 
threshold  (80  mg/dl)  of  serum  al-antitrypsin,  enough  to  protect  the  lung  from 
proteolytic  damage.   A  direct  therapeutic  approach  to  al-antitrypsin  de- 
ficiency has  been  taken  in  which  5  patients  were  treated  with  intravenous 
replacement  of  al-antitrypsin  derived  from  pooled  plasma  of  normal  indi- 
viduals.  Each  of  the  5  individuals  was  given  4  gm  of  al-antitrypsin  intra- 
venously over  an  8  hour  period  once  a  week  for  4  weeks.   In  all  5  individuals 
the  levels  achieved  for  the  one  month  period  were  consistently  above  80  mg/dl. 
In  addition,  direct  evaluation  of  the  antiprotease  screen  of  the  lower 
respiratory  tract  of  these  patients  has  shown  that  whereas  they  were  devoid 
of  antielastase  protection  before  therapy,  after  intravenous  al-antitrypsin 
infusions,  they  had  adequate  antielastase  protecion  in  the  lower  respiratory 
tract. 

(4)  Evaluation  of  inflammatory  and  immune  effector  cells  in  the  lower  respir- 
atory tract.   The  technique  of  bronchoalveolar  lavage  has  been  widely  used  to 
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evaluate  inflammatory  and  Immune  effector  cells  in  the  alveolar  structures. 
To  directly  evaluate  the  concept  that  the  bronchoalveolar  lavage  actually 
samples  inflammatory  and  immune  effector  cells  of  the  alveolar  structures, 
bronchoalveolar  lavage  inflammatory  and  immune  effector  cells  were  compared 
to  those  derived  directly  from  open  lung  biopsies  in  the  same  patients.   The 
spectrum  of  inflammatory  and  immune  effector  cells  was  found  to  be  almost 
identical  in  a  variety  of  diseases  including  idiopathic  pulmonary  fibrosis 
and  sarcoidosis  as  well  as  controls.   Thus  it  appears  that  bronchoalveolar 
lavage  is  a  valid  means  by  which  to  assess  the  inflammatory  and  immune 
effector  cells  in  the  lower  respiratory  tract  of  patients  with  chronic 
interstitial  disease. 

(5)  Scintigraphic  evaluation  of  patients  with  chronic  lung  disease.   Gallium 
scans  have  continued  to  play  an  important  role  in  evaluation  of  chronic  in- 
flammatory disease.   This  technique  is  getting  wider  acceptance  since  its 
use  was  pioneered  by  the  Pulmonary  Branch  in  conjunction  with  the  Department 
of  Nuclear  Medicine,  Clinical  Center.   Gallium  scans  have  been  evaluated  both 
in  idiopathic  pulmonary  fibrosis  and  sarcoidosis  in  a  prognosis  use  in  deter- 
mining which  patients  will  deteriorate.   Together  with  bronchoalveolar  lavage 
this  is  a  useful,  nonevasive  method  to  evaluate  these  patients.   A  new  method 
has  been  developed  with  the  Nuclear  Medicine  Department  by  which  dynamic 
ventilation  scans  can  be  carried  out  both  at  rest  and  in  exercise.   These 
scans  utilize    Xe  in  inhalation  and  then  study  the  lung  as  a  function  of 
time.   "Movies"  can  be  made  of  the  lung  "breathing".   Preliminary  use  of 
this  method  has  suggested  that  it  may  be  very  useful  in  evaluating  a  variety 
of  lung  disorders  such  as  destructive  lung  disease. 

(6)  Morphologic  evaluation  of  fibrotic  lung.   Electron  microscopic  evaluation 
of  upper  lung  biopsies  from  a  large  number  of  patients  with  interstitial  lung 
disease  have  been  evaluated.   These  biopsies  have  been  gathered  both  at  NIH 
and  in  collaboration  with  Dr.  Francoise  Basset,  Hospital  Bichat,  University 

of  Paris,  through  a  cooperative  agreement  with  INSERM  and  NIH.   These  studies 
have  demonstrated  a  number  of  new  findings  in  fibrotic  lung  including:   (a) 
nuclear  inclusions  in  epithelial  cell  nuclei;  (b)  accumulation  of  mast  cells 
in  the  alveolar  structures  of  patients  with  fibrotic  lung  disease;  (c)  a  new 
structure,  "anchoring  fibrils",  which  are  found  in  normal  bronchi  but  not  in 
alveolar  structures  and  are  present  in  large  abundance  beneath  the  basement 
membrane  of  patients  with  fibrotic  lung  disease;  (d)  evaluation  of  the 
derivation  of  the  epithelial  cells  in  fibrotic  lung  disease  to  demonstrate 
that  they  are  not  only  derived  from  the  existing  epithelial  cells  but  also 
from  the  bronchiolar  epithelium;  and  (e)  the  evaluation  of  so-called 
"Langerhan's  cells"  in  the  lungs  of  patients  with  fibrotic  lung  disease, 
particularly  those  with  histiocytosis-X. 
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(7)  Physiologic  studies.   Evaluation  of  a  number  of  sophisticated  pulmonary 
function  studies  in  conduction  with  morphology  of  patients  with  idiopathic 
pulmonary  fibrosis  have  demonstrated  that  exercise  testing  and  volume-pressure 
relationships  are  the  best  physiologic  methods  to  evaluate  the  actual  struc- 
tural abnormalities  in  these  patients.   Whereas  changes  in  PaO  with  exercise 
are  secondary  to  both  inflammatory  and  fibrotic  changes,  the  alterations  in 
volume— pressure  relationships  seem  to  be  related  only  to  the  fibrosis.   De- 
tailed evaluation  of  Fabry's  disease  (Angiokeratoma  Corporis  Diffusion 
Universlae)  a  sex-linked  sphingolipid  disorder,  has  shown  that  these  patients 
have  airway  disease.   The  functional  abnormalities  to  limitation  of  the  air- 
flow is  correlated  with  morphological  findings  of  deposits  of  ceramide 
trihoxoside  in  epithelial  cells  of  the  bronchi  of  these  patients.   Functional 
evaluation  of  patients  with  Wegener's  granulomatosis  have  demonstrated  that 
they  have  functional  abnormalities  in  volume,  flow  rates,  and  diffusing 
capacity.   Whereas  the  first  two  seem  to  improve  with  therapy  the  diffusing 
capacity  may  continue  to  deteriorate.   Functional  parameters  may  he  useful  to 
follow  these  patients  in  addition  to  X-ray. 

(8)  Connective  tissue  changes  in  fibrotic  lung  disease.   Evaluation  of  col- 
lagen concentration  and  rates  of  collagen  synthesis  in  patients  with  idiopathic 
pulmonary  fibrosis  have  demonstrated  that  both  are  normal.   Although  this  may 
seem  suprising  and  not  consistent  with  the  morphology,  it  suggests  that  the 
fibrotic  process  is  much  more  complex  than  originally  thought  and  likely  in- 
volves alterations  not  only  in  the  amount  but  also  location,  type  and  form  of 
connective  tissue.   Evaluation  of  bronchoalveolar  lavage  of  patients  with 
fibrotic  lung  disease  have  shown  that  they  have  elevations  of  fibronectin,  a 
connective  tissue  macromolecule  known  to  mediate  cell-cell  and  cell-matrix 
interactions.   Normal  individuals  have  the  same  levels  of  fibronectin  in 
lavage  fluid  as  in  serum,  suggesting  that  the  elevation  in  the  lungs  of 
patients  with  fibrotic  lung  disease  may  be  associated  with  the  inflammatory 
process  which  destroys  the  fibronectin  within  the  lung. 

(9)  Hereditary  studies  of  connective  tissue.   Studies  have  continued  to 
evaluate  the  lung  function  of  patients  with  hereditary  disorders  of  connective 
tissue  such  as  osteogenesis  imperfecta  and  Ehlers-Danlos  syndrome  (particularly 
type  IV).   Interestingly,  most  of  the  data  to  date  suggest  that  lung  function 
in  these  individuals  is  normal.   Since  it  is  known  that  each  of  these  patients 
studied  have  marked  abnormalities  in  connective  tissue  in  other  parts  of  the 
body,  this  would  suggest  that  there  may  be  more  than  one  gene  for  each  col- 
lagen type.   For  example,  skin  biopsies  of  patients  with  Ehlers-Danlos  syn- 
drome have  a  deficiency  of  type  III  collagen,  if  type  III  collagen  is  impor- 
tant in  lung  function  (which  it  is  thought  to  be)  then  it  is  unlikely  that 

the  same  gene  is  operating  in  the  lung  parenchyma. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
interstitial  lung  disorders  are  almost  uniformly  fatal  and  affect  a  significant 
proportion  of  the  population.   There  has  been  little  information  on  the 
natural  history,  etiology,  pathogenesis,  pathophysiology  and  therapy  of  these  I 
disorders.   By  combining  studies  of  patients  with  these  disorders  with  our 
basic  research  program  concerning  the  control  of  synthesis  and  degradation  of 
the  extracellular  matrix,  we  expect  to  make  major  inroads  into  understanding 
and  treating  these  disorders. 

Several  of  the  studies  outlined  are  long-terms  studies  but  are  of  fundamental 
significance  in  the  understanding  of  the  structure  and  function  of  lung  in 
health  and  disease.   The  connective  tissue  of  lung  is  so  complex  that  it  would 
be  difficult  to  determine  the  role  of  each  component  of  the  interstitial  con- 
nective tissue  unless  methods  such  as  those  described  above  can  be  utilized. 
As  more  patients  are  evaluated,  patterns  should  emerge  which  help  to  determine 
the  contributions  of  each  component  of  connective  tissue  as  they  relate  to 
pulmonary  structure  and  function. 

Proposed  Course:   Studies  as  outlined  will  be  continued.   As  methods  are  de- 
veloped in  the  basic  laboratory,  they  will  be  applied  to  study  the  biopsy 
specimens  from  human  lung.   Particularly  important  are  the  studies  in  lung 
explants  and  tissue  culture  where  the  manipulation  and  control  of  connective 
tissue  synthesis  and  degradation  can  be  explored  using  various  pharmacologic 
agents.   Immunologic  studies  will  continue  to  explore  cell-mediated  mechanisms 
in  these  disorders.   As  the  results  of  pharmacologic  agents  become  promising, 
they  will  be  studied  in  patients  where  applicable. 

The  al-antitrypsin  therapy  project  will  be  expanded  to  include  study  of 
heterozygotes.   This  is  of  particular  importance  because  it  has  been  suggested 
that  patients  heterozygous  for  the  Z  gene  may  be  more  at  risk  for  the  devel- 
opment of  emphysema.   Since  Danazol  is  a  relatively  innocuous  drug,  it  may 
bring  the  serum  level  of  al-antitrypsin  above  the  threshold  level  by  which 
these  patients  are  more  at  risk. 
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The  extracellular  matrix  of  the  alveolar  structures  is  a  critical  determinant  of 
lung  structure  and  function  in  health  and  disease.   Tissue  culture  studies  have 


demonstrated  a  -(variety  of  lung  cells  both  synthesize  and  destroy  extracellular 
matrix  complements.   The  fibroblasts  synthesize  collagen  types  I^  and  III  as  well 
as  producing  a  collagenase  that  destroys  both  collagen  types.   It  also  synthesized 
f ibronectin,  a  glycoprotein  important  in  cell-cell  and  cell-matrix  interactions. 


The  rate  of  collagen  synthesis  is  rigidly  controlled.   However,  there  is  environ- 
mental stimuli  such  as  prostaglandins  and  mediators  of  activated  lymphocytes  can 
alter  the  differentiated  state  of  fibroblasts  with  respect  to  collagen  synthesis. 
The  Intracellular  degradation  of  collagen  has  been  defined:   approximately  one- 
third  of  all  collagen  synthesized  by  fibroblasts  is  destroyed  within  the  cell  priojr 
to  secretion.   The  portion  of  intracellular  degradation  can  be  modulated  by  alter- 
ing the  structure  of  collagen  or  by  changing  the  levels  of  intracellular  cyclic 
AMP.   Studies  of  collagen  gene  structure  have  shown  that  the  pro  a2  gene  contains 


significant  numbers  of  noncoding  sequences. 
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Project  Description: 

Obj  actives :   Current  concepts  of  the  extracellular  matrix  of  the  alveolar 
structures  suggest  it  is  composed  of  four  general  classes  of  materials: 
(1)  collagen,  of  which  there  are  four  types  (types  I  and  III  are  the 
Interstitial  collagens,  types  IV  and  V  are  the  principle  basement  membrance 
collagens) ;  (2)  elastic  fibers;  (3)  proteoglycans;  and  (4)  fibronectln, 
a  newly  described  class  of  glycoproteins  involved  in  cell-cell  and  cell- 
matrix  interactions.   In  the  past  year,  our  studies  have  concentrated  on  the 
control  of  connective  tissue  production  and  destruction. 

Major  Findings:   Over  the  past  year  the  major  findings  in  this  area  have  been 
as  follows: 

(1)  Regulation  of  collagen  production  by  human  fibroblasts.   Human  lung 
fibroblasts  have  been  studied  in  detail  concerning  their  regulation  of  col- 
lagen production.   Normally  these  cells  maintain  very  tight  control  over  the 
amounts  of  collagen  they  produce.   For  example,  collagen  production  during 
periods  of  rapid  growth  occurs  at  an  identical  rate  as  that  during  slow  growth. 
In  addition,  fibroblasts  of  early  passage  produce  the  same  amounts  of  collagen 
as  do  fibroblasts  that  have  gone  through  several  population  doublings.   However, 
even  though  these  cells  tightly  regulate  the  amounts  of  collagen  they  can  pro- 
duce, they  can  modulate  their  collagen  production.   One  important  mechanism 

by  which  they  do  this  is  through  intracellular  degradation.   Fibroblasts  have 
mechanisms  to  "shunt"  collagen  from  the  normal  secretory  pathway  to  the  lyso- 
somal system.   Detailed  evaluation  of  this  process  has  suggested  that  at  least 
two  "signals"  can  induce  fibroblasts  to  increase  intracellular  collagen  deg- 
radation.  First,  if  the  cell  produces  non-helical  collagen,  the  intra- 
cellular degradation  mechanisms  recognize  this  and  destroy  this  structurally 
abnormal  collagen  before  it  is  secreted.   Second,  any  signal  that  increases 
intracellular  cyclic  AMP  will  result  in  an  increase  in  intracellular  collagen 
degradation.   Over  the  past  year,  methods  have  also  been  developed  to 
quantitate  messenger  RNA  levels  and  activities  for  type  I  collagen  synthesis 
in  cultured  fibroblasts.   Studies  of  cells  during  periods  of  rapid  and  slow 
growth  have  shown  that  there  are  significant  alterations  in  mRNA  levels  al- 
though the  activity  of  the  mRNA  (per  molecule)  is  similar. 

(2)  Evaluation  of  cyclic  AMP  levels  in  human  lung  fibroblasts  has  demon- 
strated that  this  cyclic  nucleotide  is  critically  linked  to  collagen  pro- 
duction.  Agents  that  increase  intracellular  cyclic  AMP  (e.g.,  isoproternol, 
PGE  ,  cholera  toxin)  all  decrease  collagen  production  by  these  fibroblasts. 
Other  3-stimulents  such  as  norepinephrine  and  epinephrine  also  caused  this 
phenomena.   The  concept  has  been  developed  that  under  normal  conditions 
fibroblasts  of  the  body  are  generally  "suppressed"  in  terms  of  their  potential 
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for  collagen  production  by  endogenous  3-stimulants.   This  suggests  that  the 
g-adrenergic  system  "holds  back"  collagen  production  and  thus  has  the  potential 
for  significantly  modifying  the  quantity  of  extracellular  matrix  components. 
This  also  leads  to  possible  mechanism  of  6-agonist-induced  fibrosis,  i.e., 
when  propanolol  is  given  to  a  susceptible  individual,  this  g-blocker  prevents 
the  normal  suppression  of  collagen  production  by  endogenous  3-agonists  and 
thus  increases  the  produciton  of  collagen  in  certain  organs. 

(3)  Evaluation  of  collagen  gene  structure.   In  the  past  year,  a  major  advance 
has  been  made  in  the  evaluation  of  collagen  gene  structure  through  the  iso- 
lation of  a  collagen  gene  using  the  methodologies  of  recombinant  DNA,   This 
collagen  gene  represents  approximately  50%  of  the  sheep  pro  a2  gene.   It  is 
one  of  the  most  complex  and  largest  genes  isolated  to  date.   The  structural 
information  for  50%  of  the  pro  a2  mRNA  is  contained  in  2.5  kilobases  of  DNA 
whereas  50%  of  the  gene  itself  is  approximately  17  kilobases.   The  vast 
majority  of  this  gene  is  comprised  of  "introns"  with  only  a  small  portion 
representing  "exons"  (the  structural  information) .   Evaluation  of  the  structure 
of  the  sheep  pro  a2  gene  using  restriction  enzymes  and  electron  microscopic 

R  loop  mapping  have  shown  that  the  exons  are  interspersed  among  the  very 
large  introns.   Other  studies  from  the  laboratory  have  theoretically  evaluated 
these  so-called  "splice- junction  structures"  of  a  variety  of  genes.   These 
structures  are  the  regions  between  exons  and  introns  and  seem  to  be  represented 
by  "consensus  sequences",  i.e.,  similar  sequences  within  the  same  gene  and 
among  different  genes  where  the  exons  are  "cleaved  out"  to  be  subsequently 
rejoined  to  the  final  messenger  RNA.   Theoretical  evaluation  of  these  splice- 
junction  structures  have  shown  that  for  all  known  mRNA  precursors,  the  regions 
around  the  splice  junctions  form  stable  secondary  RNA  structures  in  which  the 
"consensus"  sequences  are  "available"  for  splicing. 

(4)  Studies  of  collagen  production  in  tendon,  skin,  and  lung  of  sheep  of 
varying  gestational  age  have  demonstrated  that  messenger  RNA  levels  signifi- 
cantly control  the  production  of  collagen  by  these  tissues.   The  percentage  of 
protein  synthesis  devoted  to  collagen  production  varies  in  these  tissues  as  a 
function  of  gestational  age  during  fetal  development,  and  appears  to  be 
paralleled,  in  general,  by  collagen  messenger  RNA  levels.   The  exception  is  in 
skin,  where  high  messenger  RNA  levels  are  maintained  late  in  gestational  life 
whereas  the  tissue  appears  not  to  be  using  all  the  messenger  RNA  that  is 
present. 

(5)  Studies  of  elastin  production  in  developing  ligamentum  nuchae  and  lung. 
Methods  have  been  developed  to  quantitate  the  amount  of  elastin  in  various 
tissues  as  well  as  the  rate  of  elastin  synthesis  by  small  pieces  of  tissue 
maintained  in  short  term  incubations.   The  technology  has  been  developed  to 
isolate  and  quantitate  the  elastin  messenger  RNA.   Studies  of  these  devel- 
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oping  systems  have  shown  that,  in  general,  the  rate  of  elastin  production 
seems  to  be  controlled  by  the  amounts  of  available  elastin  mRNA  in  the  tissue. 
In  addition,  elastin  mRNA  has  been  purified  and  a  complementary  DNA  made  to 
it.   This  cDNA  is  being  used  to  probe  tissues  and  cells  for  amounts  of  messenger 
RNA  and  to  screen  genomic  "libraries"  in  order  to  isolate  the  elastin  gene. 

(6)  Evaluation  of  hereditary  disorders  of  connective  tissue.   Osteogenesis 
imperfecta  is  a  disease  associated  with  brittle  bones  and  is  thought  to  rep- 
resent an  abnormality  of  type  I  collagen.   One  hypothesis  to  explain  this 
disease  is  that  there  is  a  single  base  substitution  in  the  gene  structure  re- 
sulting in  an  amino  acid  substitution  that  yields  instability  of  the  collagen 
helix.   To  evaluate  the  hypothesis  that  such  collagen  would  be  degraded  within 
the  cells  prior  to  secretion,  fibroblasts  from  a  variety  of  patients  with 
osteogenesis  imperfecta  were  compared  for  their  quantity  of  intracellular 
collagen  degradation  compared  to  control  fibroblasts.   Although  the  studies 
have  shown  no  difference,  this  may  result  from  the  fact  that  the  fibroblasts 
used  were  derived  from  skin  whereas  the  disease  primarily  affects  bone.   As 
such,  this  may  imply  there  is  more  than  one  type  I  collagen  gene  (if  the  defect 
is  within  the  type  I  molecule) .   Studies  are  in  progress  concerning  the  Ehlers- 
Danlos  IV  syndrome,  an  hereditary  disorder  of  connective  tissue  in  which  type 
III  collagen  is  not  made.   Messenger  RNA  for  collagen  can  be  isolated  from 
fibroblasts  from  these  patients  and  are  being  compared  to  normal  fibroblasts. 
To  search  for  the  underlying  genetic  defect  in  this  disorder,  studies  are 
utilizing  these  fibroblasts  to  isolate  messenger  RNA  for  collagen  types  I  and 
III  and  to  evaluate  type  I  and  type  III  collagen  gene  structure. 

(7)  Destruction  of  connective  tissue  components.   Collagenase  is  an  enzyme 
which  specifically  cleaves  the  collagen  molecule  at  a  point  three-quarters  of 
the  distance  from  the  N-terminal  end.   It  has  been  thought  that  collagenase  is 
the  only  neutral  protease  that  has  access  to  connective  tissue  that  will  attack 
collagen  in  the  "collagenase"  sensitive  site.   However,  evaluation  of  human 
neutrophil  elastase  has  shown  that  it  can  also  act  as  a  "collagenase"  even 
though  it  has  a  broad  spectrum  of  other  proteolytic  activities.   Human  neutro- 
phil elastase  will  cleave  type  III  collagen  at  a  site  close  to  the  "collagenase" 
site.   However,  elastase  does  not  attack  type  I  collagen.   In  contrast,  human 
neutrophil  collagenase  attacks  type  I  collagen  but  not  type  III  collagen. 

Thus,  we  must  expand  our  concepts  of  collagenases,  elastases  and  other  proteo- 
lytic enzymes  to  include  the  concept  that  they  may  have  a  broader  spectrum  of 
activity  than  previously  thought. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
extracellular  matrix  of  the  alveolar  structures  is  a  critical  determinant  of 
lung  structure  and  function.   Mechanical  properties  of  lung  are  intimately 
involved  with  the  type,  form,  location  and  orientation  of  extracellular  matrix. 
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In  addition,  the  topologic  arrangement  of  cells  is  defined  in  part  by  the 
macromolecules  of  this  matrix.   It  is  likely  that  the  connective  tissue  of  the 
interstitium  also  forms  a  line  of  defense  against  inhaled  agents  and  con- 
trol in  part  the  movement  of  solutes  and  water  from  the  capillaries  to  the 
alveolar  structures.   The  pathogenesis  of  a  large  number  of  pulmonary  diseases 
afflicting  mankind  are  intimately  involved  with  abnormalities  in  the  connective 
tissue.   The  emphysematous  lung  disorders  are  involved  in  destructive  processes 
of  the  extracellular  matrix  and  the  interstitial  lung  disorders  are  involved 
primarily  with  abnormalities  in  the  collagen  of  the  extracellular  matrix. 
Understanding  of  the  control  of  synthesis  and  degradation  of  these  materials 
is  of  obvious  importance  in  terms  of  understanding  the  pathogenesis  of  these 
disorders  as  well  as  understanding  vulnerable  points  of  attack  for  therapeutic 
intervention  of  these  disorders. 

Proposed  Course:   Our  studies  will  continue  to  evaluate  the  composition  and 
source  of  the  macromolecules  composing  the  extracellular  matrix.   In  addition, 
detailed  studies  will  continue  on  the  control  of  the  synthesis  and  degradation 
of  these  macromolecules  at  the  cellular  and  sub-cellular  levels. 
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255:   5250-5260,  1980. 

Bradley,  K.H, ,  Kawanami,  0.,  Ferrans,  V.J.,  and  Crystal,  R.G.   The 
Fibroblasts  of  Human  Alveolar  Structures:   A  Differentiated  Cell  with  a 
Major  Role  in  Lung  Structure  and  Function.   In  Harris,  C.C.  ,  Trump,  B.F., 
and  Stoner  G.D.  (Eds.):   Methods  in  Cell  Biology.   New  York,  Academic 
Press,  1980,  Vol.  21,  pp.  37-64. 

Baum,  B.J. ,  Moss,  J.,  Breul,  S.D.,  Berg,  R.A. ,  and  Crystal,  R.G.   Effect 
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Boyd,  CD.,  Tolstoshev,  P.,  Schafer,  M.P.,  Trapnell,  B.C.,  Coon,  H.C., 
Kretschmer,  P.J.,  Nienhuis,  A.W.,  and  Crystal,  R.G.   Isolation  and 
Characterization  of  a  15  kb  Genomic  Sequence  Coding  for  Part  of  the 
Pro  a2  Chain  of  Sheep  Type  I  Collagen.   J.  Biol.  Chem.  255:   3212-3220, 
1980. 
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ANNUAL  REPORT  OF  THE 
LABORATORY  OF  BIOCHEMICAL  GENETICS 
NATIONAL  HEART,  LUNG  AND  BLOOD  INSTITUTE 
October  1,  1979  through  September  30,  1980 

Monoclonal  Antibodies  As  Probes  For  Neural  or  Glial  Molecules  and  Func- 
tions .   Spleen  cells  from  mice  immunized  with  cells  from  dorsal  or  ventral  14- 
day  chick,  embryo  retina  were  fused  with  clonal  mouse  myeloma  cells  to  obtain 
monoclonal  antibodies  with  topographic  specificity  for  neural  retina.   One 
of  177  hybridoma  cell  lines  examined  was  found  to  synthesize  antibody  direct- 
ed against  cell  membrane  molecules  distributed  in  a  dorsal  ->  ventral  concen- 
tration gradient  in  retina.   The  concentration  of  antigen  is  at  least  35-fold 
higher  at  the  dorso-posterior  margin  of  the  retina  than  at  the  ventro-anter- 
ior  margin,  and  the  antigen  concentration  is  a  logarithmic  function  of  dis- 
tance between  the  dorsal  and  ventral  poles  of  the  gradient  along  the  circum- 
ference of  the  retina.   Bilaterally  symmetrical,  mirror-image  gradients  of 
antigen  were  found  in  right  and  left  retina.   A  gradient  of  antigen  was 
detected  in  retina  at  each  stage  of  embryonic  development  tested  (4  thru  18 
day  embryos)  and  in  adult  retina.   The  antigen  was  found,  in  order  of  de- 
creasing concentration,  in  retina,  cerebrum,  thalamus,  optic  nerve,  cerebel- 
lum, and  optic  tectum;  in  contrast,  little  or  no  antigen  was  found  in  heart, 
liver,  kidney,  or  blood  cells.   Antigen  gradients  were  found  in  chicken, 
quail,  duck  and  turkey  retina,  but  not  in  goldfish  or  rat  retina. 

Immunofluorescence  and  autoradiography  revealed  the  antigen  on  the  sur- 
face of  most,  or  all,  cells  and  cell  types  in  dorsal  chick  embryo  retina. 
Thus,  the  antigen  gradient  can  be  used  as  a  marker  for  the  dorsoposterior- 
ventroanterior  axis  of  the  retina  and  for  cell  position  in  retina  along  this 
axis.   Further  work  is  needed  to  determine  whether  the  antigen  plays  a  role 
in  the  coding  of  positional  information  in  the  retina  and  the  specification 
of  synaptic  connections. 

Forty-six  additional  hybridoma  cell  lines  that  synthesize  antibodies 
directed  against  retina  antigens  also  were  obtained.   One  antibody  is  speci- 
fic for  neurons;  another  for  retina  Muller  cells;  and  a  third  antibody  recog- 
nizes surface  molecules  of  retina  cells  that  decrease  in  concentration 
during  the  course  of  development. 

Mice  also  were  immunized  with  clonal  neuroblastoma  x  retina  hybrid  cells, 
fibroblast  x  retina  hybrid  cells,  or  synaptosome  membrane  preparations. 
Examination  of  more  than  1500  hybridomas  yielded  more  than  200  cell  lines 
that  synthesize  antibodies  directed  against  cells  or  membranes  used  for 
immunization.   Several  antibodies  were  found  that  increase  the  frequency  of 
miniature  end-plate  potentials  at  synapses  between  neuroblastoma-hybrid  cells 
and  striated  muscle  cells.   Other  antibodies  exhibit  specificity  for  synapto- 
some membrane  antigens,  or  for  regions  within  the  nervous  system.   Anti- 
bodies that  recognize  developmentally  regulated  antigens  also  were  detected. 
Preliminary  results  suggest  that  two  monoclonal  antibodies  have  been  obtain- 
ed that  recognize  receptors  for  neurotransmitters.   Further  studies  on  anti- 
body characterization  and  antigen  purification  are  in  progress. 
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Biochemistry  of  Synaptogenesls .   Synapses  between  clonal  neuroblastoma  hybrid 
cells  and  striated  muscle  cells  exhibit  a  high  degree  of  plasticity.   Activa- 
tion of  adenylate  cyclase  by  PGEj^  or  treatment  of  cells  with  dibutyryl  cyclic- 
AMP  gradually  results  in  the  appearance  of  functional,  voltage-sensitive  Ca2+ 
channels.   A  depolarizing  stimulus  then  results  in  activation  of  voltage- 
sensitive  calcium  channels,  influx  of  Ca2+  ions,  and  secretion  of  acetyl- 
choline by  cells.   Thus,  reactions  that  regulate  the  acquisition  of  voltage- 
sensitive  Ca2+  channels,  in  turn,  control  synapse  plasticity  in  this  model 
system. 

Ca2+  fluxes  resulting  from  activation  of  NBrlO-A  voltage-sensitive  cal- 
cium channels  were  assayed  with  a  calcium-specific  electrode,  by  a  spectro- 
photometric  assay  based  on  the  formation  of  (Ca^  'murexide)  complexes  using 
a  stopped-flow  apparatus  and  a  dual  wavelength  spectrophotometer,  by  measur- 
ing ^5ca2+  fluxes,  and  by  recording  intracellular  membrane  potential.   The 
results  obtained  by  the  different  methods  agree  well.   In  addition,  the 
results  obtained  by  the  spectrophotometric  and  the  Ca2+  specific  electrode 
methods  show  that  activation  of  voltage-sensitive  calcium  channels  results 
in  net  uptake  of  Ca2+  ions  by  NBrlO-A  cells,  which  is  followed  by  a  slow 
compensatory  efflux  of  Ca2+  until  a  new  equilibrium  between  internal  and  ex- 
ternal Ca2+  ions  is  achieved. 

Most  of  the  Ca2+  ions  within  NBrlO-A  cells  are  sequestered  in  mito- 
chondria but  an  ATP-dependent  Ca2+  uptake  by  smooth  endoplasmic  reticulum  or 
microsome  fractions  from  NBrlO-A  was  demonstrated  that  is  insensitive  to 
inhibitors  of  mitochondrial  Ca2+  uptake. 

A  neuroblastoma  x  glioma  hybrid  cell  line  was  found  that  lacks  nicotinic 
acetylcholine  receptor  aggregating  protein.   The  hybrid  cells  do  not  form 
synapses  with  striated  muscle  cells  because  nicotinic  acetylcholine  receptors 
do  not  aggregate  on  myotube  membranes  at  points  of  contact  with  the  hybrid 
cells. 

Neuroblastoma  NlE-115  cells  were  found  to  possess  two  types  of  K"*"- 
channels.   One  channel  is  activated  by  cell  depolarization;  activation  of  the 
other  K"'"-channel  is  dependent  on  Ca2"'"  ions  and  is  not  voltage-sensitive.   The 
Ca2  -activated  K"'"-channel  is  inhibited  by  50  yM  quinine,  thus  decreasing 
af ter-hyperpolarization  and  slow  oscillations  in  the  membrane  potential  of  the 
cells.   The  Ca2+-dependent  activation  of  K'^-channels  regulates  the  ability  of 
NlE-115  cells  to  generate  repetitive  action  potentials  in  response  to  a 
stimulus. 

Previously,  NG108-15  neuroblastoma  x  glioma  cells  were  shown  to  release 
a  macromolecule  into  the  medium  that  induces  localized  aggregation  of 
nicotinic  acetylcholine  receptors  on  striated  muscle  cells.   The  receptor 
aggregating  protein  is  released  into  the  medium  by  cultured  neurons  that 
synthesize  acetylcholine  and  also  by  neurons  that  do  not  synthesize  acetyl- 
choline.  The  receptor  aggregation  factor  was  partially  purified  and  was  shown 
to  be  a  protein.   Factor-dependent  aggregation  of  nicotinic  acetylcholine 
receptors  on  muscle  plasma  membranes  is  dependent  on  Ca2+  ions,  is  responsive 
to  temperature,  and  is  inhibited  by  sodium  azide  or  by  colchicine. 
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These  results  suggest  that  aggregation  of  acetylcholine  receptors  is  a  Ca^ 
and  energy-dependent  process  that  may  involve  microtubules.   The  rate  of 
extraction  of  nicotinic  acetylcholine  receptors  from  myotube  membranes  by 
detergents  was  found  to  decrease  with  maturation  of  the  myotubes;  concomi- 
tantly, the  density  of  the  detergent  resistant  cytoskeletal  layer  beneath  the 
plasma  membrane  increases. 

Two  classes  of  endogenous  opioid  peptides  have  been  identified:   enke- 
phalin pentapeptides,  and  higher  molecular  weight  endorphin  peptides. 
Affinity-purified  antibodies  reactive  against  the  carboxyl- terminal  deter- 
minants of  Met-enkephalin  and  Leu-enkephalin  were  prepared  and  used  to  study 
enkephalin  biosynthesis.   The  antibodies  were  shown  to  interact  with  5  species 
of  peptides  or  protein  from  adrenal  medulla  with  molecular  weights  of  570, 
1,100,  18,000,  26,000,  and  40,000.   Treatment  of  the  protein  with  a  molecular 
weight  of  40,000  with  trypsin  and  carboxypeptidase  B  yielded  enkephalins. 

Messenger  RNA  was  isolated  from  adrenal  medulla  and  used  to  direct  the 
cell-free  synthesis  of  protein  labeled  with  [-^-"S] -methionine.  Treatment  of 
the  -^^S-protein  with  trypsin  and  carboxypeptidase  B  yielded  an  35s_pept-ide 
that  was  purified  by  immunoprecipitation  and  high-pressure  liquid  chromato- 
graphy and  identified  as  [-'^S]Met-enkephalin.  These  results  show  that  mRNA 
from  adrenal  medulla  can  direct  the  cell-free  synthesis  of  a  Met-enkephalin 
precursor  protein  and  provides  a  system  that  should  be  useful  for  studies  on 
enkephalin  biosynthesis  and  for  the  synthesis  and  cloning  of  a  gene  for  the 
enkephalin  precursor  protein. 

To  devise  molecular  probes  and  affinity  labels  for  ot-adrenergic  recep- 
tors, several  analogs  of  clonidine,  an  oio-adrenergic  receptor  partial  agonist, 
and  other  a-adrenergic  ligands  were  synthesized  and  tested  for  binding  to  a- 
receptors  of  rat  brain  and  NG108-15  neuroblastoma  x  glioma  hybrid  cells. 

Clonidine,  p-aminoclonidine,  and  N-(4-hydroxyphenacetyl)-4-amino- 
clonidine  (HP-aminoclonidine)  were  shown  to  be  potent  partial  agonists  for 
a2-receptor  mediated  inhibition  of  NG108-15  adenylate  cyclase  (Kp^pp  300,  50, 
and  130  nM,  respectively) .   These  compounds  also  bind  with  high  affinity  to 
a2-receptors  of  rat  brain  and  NG108-15  membranes  as  determined  by  displacement 
of  bound  [ ^H] clonidine.   [ -^H] Clonidine  binds  to  NG108-15  membranes  receptors 
with  Kq^pp  values  of  1.7  and  33  nM  for  high-  and  low-affinity  sites,  respec- 
tively.  Classical  a-adrenergic  agonists  and  antagonists  displace  [-^Hjcloni- 
dine  from  sites.   p-Aminoclonidine  and  HP-aminoclonidine  displace  [^H] cloni- 
dine from  the  high-affinity  sites  with  Kq  values  of  2.3  and  5.8  nM,  respec- 
tively. 

The  affinities  of  the  ligands  for  NG108-15  a-receptor  binding  sites  were 
higher  than  the  corresponding  potencies  for  inhibition  of  NG108-15  adenylate 
cyclase.   This  discrepancy  can  be  explained  by  the  demonstration  that  GTP,  ATP, 
Na"*"  ions  inhibit  binding  of  a-receptor  agonists  to  the  high  affinity  site. 
GTP  and  probably  Na   ions  are  required  for  a-receptor-mediated  inhibition  of 
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adenylate  cyclase;  thus,  the  high-affinity  [%]clonidine  sites  may  represent 
uncoupled  receptors,  while  the  low  affinity  sites  may  represent  receptors 
coupled  to  adenylate  cyclase. 

HP-Aminoclonidine  possesses  opiate  receptor  agonist  activity  in  addition 
to  a-receptor  partial  agonist  activity.   This  analog  inhibits  NG108-15 
adenylate  cyclase  (K^  0.7  pM) ,  and  most  of  the  inhibition  is  reversed  by 
opiate  receptor  antagonists.   HP-Aminoclonidine  also  displaces  [-^Hjdihydro- 
morphine  and  [-^H]D-Ala-Met-enkephalinamide  from  rat  brain  opiate  receptors 
with  IC^Q  values  of  0.6  and  0.12  yM,  respectively. 

Other  compounds  synthesized  as  potential  affinity  labels  for  a2-receptors 
include  bromo-acetyl-and  f luorosulf onyl-derivates  of  aminoclonidine, 
yohimbine,  and  phentolamine.   Several  promising  compounds  will  be  studied 
further. 

Exposure  of  E.  coli  cells  to  sugars  and  certain  other  carbon  sources 
results  in  a  decrease  in  cyclic  AMP  levels  of  cells.   We  previously  showed 
that  glucose  transport  into  cells  results  in  an  inhibition  of  adenylate 
cyclase.   An  analysis  of  the  properties  of  strains  of  E_^  coli  harboring 
mutations  in  the  sugar  transport  system  energized  by  phosphoenolpyruvate 
(abbreviated  PTS)  has  revealed  that  PTS  activity  influences  adenylate 
cyclase  activity.   PTS  proteins  play  a  role  as  phosphate  carriers  and  can, 
therefore,  exist  in  either  a  phosphorylated  or  dephosphorylated  state.   As  a 
result  of  our  observation  that  some  mutants  in  the  PTS  protein.  Enzyme  I, 
have  reduced  levels  of  adenylate  cyclase  activity,  which  can,  under  certain 
conditions,  be  stimulated  by  phosphoenolpyruvate,  we  have  proposed  a  scheme 
for  regulation  of  adenylate  cyclase  activity  by  the  PTS.   According  to  this 
scheme.  Enzyme  I  interacts  with  the  catalytic  unit  of  adenylate  cyclase.   When 
there  is  an  abundance  of  cellular  phosphoenolpyruvate  and  a  deficiency  of 
extracellular  glucose,  the  PTS  proteins  are  largely  phosphorylated;  a  high 
level  of  phosphorylation  of  PTS  proteins  is  associated  with  a  high  level  of 
adenylate  cyclase  activity.   On  the  other  hand,  when  the  cells  are  exposed  to 
a  high  concentration  of  extracellular  sugar,  the  PTS  effects  the  transport  of 
the  sugar  resulting  in  the  accumulation  of  intracellular  sugar  phosphate. 
Accompanying  the  sugar  transport,  there  is  a  concomitant  dephosphorylation  of 
the  PTS  proteins;  a  low  level  of  phosphorylation  of  the  PTS  proteins  is 
associated  with  a  low  level  of  adenylate  cyclase  activity. 

We  previously  showed  that  histidyl-proline  diketopiperazine  is  a 
metabolite  of  thyrotropin  releasing  hormone  and  that  the  peptide  is  more 
active  than  thyrotropin  releasing  hormone  in  antagonizing  the  sleep-inducing 
effects  of  ethanol  in  rats.   Injection  of  either  thyrotropin  releasing  hormone 
or  histidyl-proline  diketopiperazine  results  in  elevation  of  cyclic  GMP  levels 
in  the  brain.   However,  antagonistic  effects  of  hormone  and  metabolite  on  body 
temperature  were  observed.   During  the  past  year,  histidyl-proline  diketo- 
piperazine was  shown  to  be  a  noncompetative  inhibitor  of  dopamine  uptake  into 
synaptosomes.   Exploration  of  the  mechanism  of  inhibition  of  catacholamine 
transport  by  the  peptide  revealed  that  histidyl-proline  diketopiperazine  in- 
hibits sodium-potassium  dependent  ATPase  that  generates  an  ion  gradient  neces- 
sary for  catecholamine  uptake.   The  portion  of  the  ATPase  that  interacts  with 
the  cell  interior  and  is  inhibited  by  vanadate  is  modified  by  histidyl- 
proline  diketopiperazine. 
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Project  Description: 

Major  Findings: 

Monoclonal  Antibodies  As  Probes  For  Neural  or  Glial  Molecules  and  Func- 
tions.  Spleen  cells  from  mice  immunized  with  cells  from  dorsal  or  ventral  14- 
day  chick  embryo  retina  were  fused  with  clonal  mouse  myeloma  cells  to  obtain 
monoclonal  antibodies  with  topographic  specificity  for  neural  retina.   One 
of  177  hybridoma  cell  lines  examined  was  found  to  synthesize  antibody  direc- 
ted against  cell  membrane  molecules  distributed  in  a  dorsal  ->-  ventral  concen- 
tration gradient  in  retina.   The  concentration  of  antigen  is  at  least  35-fold 
higher  at  the  dorso-posterior  margin  of  the  retina  than  at  the  ventro-anter- 
ior  margin,  and  the  antigen  concentration  is  a  logarithmic  function  of  dis- 
tance between  the  dorsal  and  ventral  poles  of  the  gradient  along  the  circum- 
ference of  the  retina.   Bilaterally  symmetrical,  mirror-image  gradients  of 
antigen  were  found  in  right  and  left  retina.   A  gradient  of  antigen  was 
detected  in  retina  at  each  stage  of  embryonic  development  tested  (4  thru  18 
day  embryos)  and  in  adult  retina.   The  antigen  was  found,  in  order  of  de- 
creasing concentration,  in  retina,  cerebrum,  thalamus,  optic  nerve,  cerebel- 
lum, and  optic  tectum;  in  contrast,  little  or  no  antigen  was  found  in  heart, 
liver,  kidney,  or  blood  cells.   Antigen  gradients  were  found  in  chicken, 
quail,  duck  and  turkey  retina,  but  not  in  goldfish  or  rat  retina. 

Immunofluorescence  and  autoradiography  revealed  the  antigen  on  the  sur- 
face of  most,  or  all,  cells  and  cell  types  in  dorsal  chick  embryo  retina. 
Thus,  the  gradient  of  antigen  can  be  used  as  a  marker  for  the  dorsoposterior- 
ventroanterior  axis  of  the  retina  and  for  cell  position  in  retina  along  this 
axis.   Further  work  is  needed  to  determine  whether  the  antigen  plays  a  role 
in  the  coding  of  positional  information  in  the  retina  and  the  specification 
of  synaptic  connections. 

Forty-six  additional  hybridoma  cell  lines  that  synthesize  antibodies 
directed  against  retina  antigens  also  were  obtained.   One  antibody  is  speci- 
fic for  neurons;  another  for  retina  Miiller  cells;  and  a  third  antibody  recog- 
nizes surface  molecules  of  retina  cells  that  decrease  in  concentration 
during  the  course  of  development. 

Mice  also  were  immunized  with  clonal  neuroblastoma  x  retina  hybrid  cells, 
fibroblast  x  retina  hybrid  cells,  or  synaptosome  membrane  preparations. 
Examination  of  more  than  1500  hybridomas  yielded  more  than  200  cell  lines 
that  synthesize  antibodies  directed  against  cells  or  membranes  used  for 
immunization.   Several  antibodies  were  found  that  increase  the  frequency  of 
miniature  end-plate  potentials  at  synapses  between  neuroblastoma-hybrid  cells 
and  striated  muscle  cells.   Other  antibodies  exhibit  specificity  for  synapto- 
some membrane  antigens,  or  for  regions  within  the  nervous  system.   Anti- 
bodies that  recognize  developmentally  regulated  antigens  also  were  detected. 
Preliminary  results  suggest  that  two  monoclonal  antibodies  have  been  obtain- 
ed that  recognize  neurotransmitter  receptors.   Further  studies  on  antibody 
characterization  and  antigen  purification  are  in  progress. 
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Biochemistry  of  Synaptogenesis.   Synapses  between  clonal  neuroblastoma  hybrid 
cells  and  striated  muscle  cells  exhibit  a  high  degree  of  plasticity.   Activa- 
tion of  adenylate  cyclase  by  PGEj^  or  treatment  of  cells  with  dibutyryl  cyclic- 
AMP  gradually  results  in  the  appearance  of  functional,  voltage-sensitive  Ca'^'^ 
channels.   A  depolarizing  stimulus  then  results  in  activation  of  voltage- 
sensitive  calcium  channels,  influx  of  Ca2+  ions,  and  secretion  of  acetyl- 
choline by  cells.   Thus,  reactions  that  regulate  the  acquisition  of  voltage- 
sensitive  Ca2+  channels,  in  turn,  control  synapse  plasticity  in  this  model 
system. 

Ca2+  fluxes  resulting  from  activation  of  NBrlO-A  voltage-sensitive  cal- 
cium channels  were  assayed  with  a  calcium-specific  electrode,  by  a  spectro- 
photometric  assay  based  on  the  formation  of  (Ca^+'murexide)  complexes  using 
a  stopped-flow  apparatus  and  a  dual  wavelength  spectrophotometer,  by  measuring 
^5ca2+  fluxes,  and  by  recording  intracellular  membrane  potential.   The 
results  obtained  by  the  different  methods  agree  well.   In  addition,  the 
results  obtained  by  the  spectrophotometric  and  the  Ca2+  specific  electrode 
methods  show  that  activation  of  voltage-sensitive  calcium  channels  results 
in  net  uptake  of  Ca2+  ions  by  NBrlO-A  cells,  which  is  followed  by  a  slow 
compensatory  efflux  of  Ca2+  until  a  new  equilibrium  between  internal  and  ex- 
ternal Ca2+  ions  is  achieved. 

Most  of  the  Ca2+  ions  within  NBrlO-A  cells  are  sequestered  in  mito- 
chondria but  an  ATP-dependent  Ca2+  uptake  by  smooth  endoplasmic  reticulum  or 
microsome  fractions  from  NBrlO-A  was  demonstrated  that  is  insensitive  to 
inhibitors  of  mitochondrial  Ca2+  uptake. 

A  neuroblastoma  x  glioma  hybrid  cell  line  was  found  that  lacks  nicotinic 
acetylcholine  receptor  aggregating  protein.   The  hybrid  cells  do  not  form 
synapses  with  striated  muscle  cells  because  nicotinic  acetylcholine  receptors 
do  not  aggregate  on  myotube  membranes  at  points  of  contact  with  the  hybrid 
cells. 

Significance  to  Biomedical  Research: 

Little  is  known  about  the  biochemical  basis  for  synapse  plasticity.   The 
demonstration  that  the  presynaptic  acquisition  of  voltage-sensitive  Ca^"*" 
channels  can  be  regulated  and  that  this  process  can  turn  synapses  on  or  off 
is  of  basic  interest  with  respect  to  the  development  of  the  nervous  system 
and  memory. 

The  identification  of  molecules  distributed  in  retina  in  a  spatially 
organized  pattern  raises  the  possibility  that  the  molecules  may  play  a  role 
in  the  coding  of  positional  information  in  retina  and  the  specification  of 
synaptic  connections. 

Proposed  Course: 

Further  work  is  needed  to  clarify  antibody  specificity,  to  determine  the 
effects  of  antibodies  on  neural  or  glial  functions,  and  to  characterize  and 
purify  certain  antigens. 
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SUMMARY   OF   WORK    (200   words    or    less   -   underline    keywords) 

Our  aim  has  been  to  reveal  the  topographic  distribution  of  neurotransmitter 
receptors  on  nerve  and  muscle  cells,  while  relating  this  distribution  to  the 
development  and  function  of  synapses.  To  this  purpose,  we  have  used  oj^ 
bungarotoxin  as  a  specific  probe  for  the  visualization  and  quantitation  of 
nicotinic  acetylcholine  receptor  sites.  Our  recent  work  has  emphasized  a 
model  system  for  studying  the  neural  control  of  nicotinic  acetylcholine 
receptor  distribution  on  skeletal  muscle  fibers.  This  system  is  based  on 
the  finding  that  embryonic  and  clonal  nerve  cells  produce  a  factor  which 
induces  aggregation  of  receptors  on  cultured  skeletal  myotubes.  We  have 
now  provided  evidence  that:  1)  the  factor  is  a  large  protein;  2)  it 
activates  an  energy-dependent  mechanism  in  the  myotube,  probably  involving 
cytoskeletal  components;  3)  a  similar  factor,  or  factors,  are  produced  by 
non-cholinergic  as  well  as  cholinergic  nerve  cell  types. 
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Project  Description: 

Objectives: 

Our  aim  has  been  to  reveal  the  topographic  distribution  of  neurotransmitter 
receptors  on  nerve  and  muscle  cells,  while  relating  this  distribution  to 
the  development  and  function  of  synapses.  Our  recent  work  has  focussed  on 
the  extrinsic  and  intrinsic  influences  on  the  distribution  of  nicotinic 
acetylcholine  receptors  (AChR)  on  the  surface  of  the  developing  muscle 
fiber.  In  particular,  we  have  been  investigating  the  mechanisms  whereby 
soluble,  macromolecular  factors  from  neurons  can  induce  localized  aggrega- 
tion of  AChR  as  occurs  in  the  developing  neuromuscular  synapse. 

Methods: 


We  have  stained  skeletal  myotubes  grown  in  monolayer  culture  with  rhodamine- 
labeled  a-bungarotoxin  (aBT)  in  order  to  visualize  and  quantitate  AChR 
sites  with  the  fluorescence  microscope.  AChR  aggregating  factor  has  been 
prepared  from  culture  medium  conditioned  by  primary  embryonic  neurons  or 
clonal  nerve  cell  lines;  or  from  high-speed  supernatents  of  homogenized 
nerve  cells  and  tissues. 

125 

I-labeled  aBT  binding,  gentle  detergent  treatment,  and  electron  micro- 
scopy have  been  used  to  study  AChR-cytoskeletal  interactions. 

Major  Findings: 

Protease  digestion  demonstrated  that  the  AChR  aggregation  factor  is  a  protein. 

The  mechanism  of  action  of  the  AChR  aggregation  factor  from  neuroblastoma  x 
glioma  hybrid  cells  (NG108-15)  was  further  investigated  by  manipulating  the 
environment  of  muscle  cultures  during  a  4-6  hour  treatment  with  concentrated 
conditioned  medium  (CM)  from  NG108-15  cell  cultures.  The  CM-induced  aggre- 
gation of  AChR  on  the  muscle  cells  was  inhibited  by  low  temperature,  sodium 
azide,  removal  of  Ca"*""*"  from  the  medium  and  by  colchicine.  Cytochalasin  B 
had  no  effect.  These  results  suggest  that  the  CM-induced  aggregation  of  AChR 
is  an  energy  and  Ca"'"'"  dependent  process,  possibly  involving  microtubules. 

Further  studies  utilizing  gentle  detergent  extraction  of  muscle  cultures 
indicated  that  the  average  rate  of  detergent  extraction  of  AChR  decreases 
with  maturation  of  the  cultures,  in  conjunction  with  an  increase  in  the  over- 
all density  of  the  detergent  resistant  cytoskeletal  layer  beneath  the  plasma 
membrane.  This  is  consistant  with  the  postulated  interaction  between  the 
receptors  and  cytoskeleton. 

Release  of  high  molecular  weight  AChR  aggregating  activity  and  acetylcholine 
synthesis  were  studied  in  pure  cultures  of  neurons  from  embryonic  or  new- 
born superior  cervical  ganglion,  spinal  cord,  cerebellum,  and  dorsal  root 
ganglion.  No  correlation  was  found  between  AChR  aggregating  activity  and 
synthesis  of  acetylcholine.  It  is  possible  that  production  of  neurotrans- 
mitter receptor  aggregating  factors  is  a  general  property  of  developing 
neurons.  2  /oSa 
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Significance  to  Biomedical  Research: 

Knowledge  of  the  topographical  distribution  of  neurotransmitter  receptors 
on  nerve  and  muscle  cells  is  of  clear  importance  in  any  attempt  to  under- 
stand the  role  of  neurotransmitters  and  their  receptors  in  the  function 
and  development  of  the  nervous  system.  Our  studies  on  the  AChR  aggrega- 
tion factor  may  lead  to  a  better  understanding  of  the  mechanisms  whereby 
neurons  control  or  modulate  the  distribution  of  receptors  on  muscle 
fibers  and  on  other  neurons,  during  synapse  development  and  after. 

Proposed  Course: 

1)  Detailed  light  -  and  electronmicroscopic  analysis  of  AChR  aggregate 
formation  and  the  underlying  structural  mechanisms  has  been  initiated. 

2)  An  "immunochemical"  assay  for  receptor  aggregation  activity,  utilizing 
gentle  detergent  extraction  of  myotube  cultures  after  binding  specific 
antibody  to  the  receptors,  is  under  development.  This  assay  will  be  many 
times  faster  than  the  present  microscopic  assay,  and  should  facilitate  our 
efforts  to  further  purify  the  factor  and  determine  its  mechanism  of  action. 

3)  Since  AChR  aggregation  factor  has  been  detected  in  CM  from  a  variety 

of  embryonic  neuron  types,  including  at  least  two  that  are  not  cholinergic, 
we  will  try  to  determine  whether  the  same  or  similar  factors  can  induce 
aggregation  of  other  neurotransmitter  receptors,  such  as  GABA  or  gluta- 
mate  receptors  on  cultured  spinal  cord  neurons. 

Publications: 


1)  Daniels,  M.P.  and  Vogel ,  Z.:  Localization  of  a-bungarotoxin  binding 
sites  in  synapses  of  the  developing  chick  retina.  Brain  Res.  In  Press, 
1980. 

2)  Christian,  C.N.,  Bergey,  G.K.,  Daniels,  M.P.  and  Nelson,  P.G.:  Cell 
interactions  in  nerve  and  muscle  cell  cultures.  Woods  Hole  Workshop  on 
Neurotransmission,  Neurotransmitters  and  Neuromodulators.  J.  Exp.  Biol. 
In  Press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Methionine-enkephalin  and  leucine-enkephalin  are  endogenous  pentapeptides 
that  possess  opiate  activity.  The  bovine  adrenal  medulla,  which  synthesizes 
and  secretes  enkephalins,  has  been  chosen  for  the  investigation  of  the 
biosynthesis  of  the  enkephalins.  Messenger  RNA  (mRNA)  from  adrenal  medulla 
has  been  isolated  and  used  as  a  template  for  the  cell-free  synthesis  of 
enkephalin  precursor  protein  in  the  wheat  germ  and  rabbit  reticulocyte 
protein-synthesis  systems.  Specific  proteolytic  digestion  of  the  adrenal 
mRNA-dependent  proteins  yields  methionine-enkephalin.  The  enkephalin  pre- 
cursor protein  and  enkephalin  mRNA  are  currently  being  characterized  with 
the  goal  of  understanding  the  regulation  of  synthesis  of  enkephalins,  which 
are  thought  to  be  important  in  pain  perception  and  behavior. 
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Project  Description: 

Objectives: 

Two  systems  of  endogenous  opioid  peptides  have  been  distinguished:  (1)  the 
B-endorphin  system  found  in  the  anterior  pituitary  and  hypothalamus,  and  (2) 
the  enkephalin  system  found  in  the  brain,  intestinal  tract,  spinal  cord, 
adrenal  medulla,  and  elsewhere.  Previous  work  on  this  project  dealt  with 
the  6-endorphin  system,  in  particular  on  the  regulation  of  synthesis  and 
secretion  of  B-endorphin  and  its  biosynthetic  precursors  in  clonal  AtT-20 
mouse  pituitary  tumor  cells.  This  work  is  summarized  in  the  Annual  Report 
of  last  year.  While  knowledge  now  exists  concerning  the  biosynthesis  of 
3-endorphin,  little  is  known  about  the  biosynthesis  of  the  enkephalins. 
Larger  peptides  containing  enkephalins  have  recently  been  isolated  from 
bovine  adrenal  medulla  and  are  being  characterized  by  others.  We  have 
adopted  the  alternative  approach  of  in  vitro  translation  of  enkephalin 
precursor  mRNA  to  provide  information  concerning  the  earliest  and  largest 
putative  enkephalin  precursor  ("pre-pro-enkephalin") ,  the  mRNA  coding  for 
this  precursor,  the  gene(s)  for  pre-pro-enkephalin,  and  the  regulation  of 
expression  of  the  enkephalin  gene(s). 

Methods  Employed: 

Discussed  in  Major  Findings  below. 

Major  Findings: 

Antisera  reactive  against  the  carboxyl-terminal  determinants  of  Met- 
enkephalin  and  Leu-enkephalin  were  prepared  and  radioimmunoassays  for  the 
enkephalins  were  set  up  in  order  to  determine  the  reactivity  of  the  anti- 
sera  with  proteins  in  the  adrenal  medulla  extracts.  The  antisera,  as  well 
as  affinity  purified  antibodies  derived  from  them,  react  not  only  with 
enkephalins  (molecular  weight  570)  but  also  with  peptides  of  molecular 
weight  approximately  11,000,  18,000,  and  26,000.  An  even  larger  peptide 
(molecular  weight  40,000)  that  yields  enkephalins  upon  trypsin-carboxy- 
peptidase  B  digestion,  is  ^ery   weakly  reactive.  We  conclude  from  the 
specificity  of  the  antisera  that  the  bovine  adrenal  possesses  probably 
precursor  proteins  that  contain  enkephalin  residues  at  their  carboxyl- 
terminal  ends. 

Adrenal  medulla  mRNA,  when  translated  in  cell-free  systems,  directs  the 
incorporation  of  [35s]methionine  into  many  proteins  as  analyzed  by  poly- 
acrylamide  gel  electrophoresis.  None  of  these  synthesized  proteins  appears 
to  be  specifically  recognized  by  the  enkephalin  antisera,  but  after  these 
proteins  are  treated  with  trypsin  and  then  carboxypeptidase  B,  small  amounts 
of  [35s]Met-enkephalin  can  be  detected  by  immunoprecipitation  and  analysis  of 
the  immunoprecipitated  peptides  by  high-pressure  liquid  chromatography.  The 
characterization  of  the  protein(s)  yielding  enkephalins  is  in  progress. 
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Significance  to  Biomedical  Research: 

The  preliminary  results  obtained  so  far  suggest  that  we  will  be  able  to 
identify  and  characterize  the  pre-pro-enkephal in  biosynthetic  precursor, 
and  to  subsequently  study  the  molecular  genetics  of  the  enkephalin  system. 
This  information  should  be  of  great  value  in  understanding  the  physiological 
role  of  enkephalins,  which  act  as  neurotransmitters  or  neuromodulators  in 
the  nervous  system  and  which  may  also  act  in  a  hormonal  manner  when  released 
into  the  blood  by  the  adrenal  medulla  during  stress.  Systems  to  study  the 
biosynthesis  of  enkephalins  will  be  useful  to  evaluate  the  theory  that 
chronic  opiate  dependence  involves  a  reduced  biosynthesis  of  enkephalin. 

Proposed  Course: 

1.  Peptide  mapping  of  the  pre-pro-enkephal in  synthesized  in  vitro  and 
determination  of  its  ability  to  be  glycosylated. 

2.  Purification  of  enkephalin  mRNA  using  a  custom-synthesized  dodeca- 
deoxynucleotide  as  a  probe  that  will  specifically  hybridize  with  the  region 
of  the  mRNA  coding  for  the  sequence  of  Met-enkephalin^  r. 

3.  Synthesis  of  cDNA  complementary  to  enkephalin  mRNA  using  the  same 
synthetic  dodecadeoxynucleotide  as  a  primer  for  reverse  transcriptase,  then 
sequencing  of  the  cDNA.  The  cDNA  may  be  cloned  in  an  E.  coli  phage  system. 

4.  Studies  on  the  regulation  of  enkephalin  transcription. 

5.  Preparation  of  antisera  or  monoclonal  antibodies  against  the  pre- 
cursor to  allow  direct  immunoprecipitation. 

Publ ications: 


1.  Sabol ,  S.L.:  Storage  and  secretion  of  3-endorphin  and  related  peptides 
by  mouse  pituitary  tumor  cells:  regulation  by  glucocorticoids.  Arch. 
Biochem.  Biophys.  203,  37-48,  (1980). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  involves  a  continuing  effort  to  develop  an  understanding  of  the 
role  of  cyclic  nucleotides  (cyclic  AMP  and  cycl ic  GMP)  in  Escherichia  coli  and 
the  mechanism  by  which  the  levels  of  these  nucleotides  is  regulated  within  the 
cells  under  a  variety  of  conditions.  Our  findings  this  year  have  dealt  with 
the  regulation  of  the  activity  of  adenylate  cyclase  by  the  phosphoenol pyruvate 
linked  phosphotransferase  system  for  transport  of  sugars  (PTS) .  Mutants  in 
one  of  the  proteins  of  this  transport  system  (Enzyme  I)  lead  to  a  depression 
of  cellular  cyclic  AMP  levels.  Under  appropriate  conditions,  the 
cyclic  AMP  in  these  mutants  can  be  restored  to  normal  by  exposure 
phosphorylating  agent,  phosphoenol pyruvate.  These  data  have  been 
in  the  framework  of  a  model  for  regulating  adenylate  cyclase  activity  by 
interaction  with  proteins  of  the  PTS,  such  that  the  state  of  phosphorylation 
of  the  PTS  proteins  determines  the  activity  of  the  enzyme. 
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Major  Findings: 

Our  efforts  during  the  past  nine  years  have  been  directed  at  developing  an 
understanding  of  the  mechanism  by  which  the  levels  of  cyclic  AMP  in  E.  coli 
are  lowered  when  the  cells  are  exposed  to  carbon  sources,  generally  sugars. 
We  have  been  able  to  demonstrate  that  the  locus  of  action  of  sugars  involves 
an  inhibition  of  the  synthesis  of  cyclic  AMP  and  that,  in  the  case  of  glucose, 
some  aspect  of  the  transport  of  the  sugar  into  the  cells  results  in  an  inhi- 
bition of  adenylate  cyclase  activity.  An  analysis  of  the  properties  of 
strains  of  E^  coli  harboring  mutations  in  the  sugar  transport  system  energized 
by  phosphoenol pyruvate  (abbreviated  PTS)  has  revealed  that  the  PTS  activity 
influences  adenylate  cyclase  activity.  PTS  proteins  play  a  role  as  phosphate 
carriers  and  can  therefore  exist  in  either  a  phosphorylated  or  dephosphory- 
lated  state.  As  a  result  of  our  observation  that  some  mutants  in  the  PTS 
protein  known  as  Enzyme  I  have  reduced  levels  of  adenylate  cyclase  activity, 
which  can,  under  certain  conditions,  be  stimulated  by  phosphoenol pyruvate,  we 
have  proposed  a  scheme  for  regulation  of  adenylate  cyclase  activity  by  the 
PTS.  According  to  this  scheme,  the  PTS  protein  called  Enzyme  I  interacts 
with  the  catalytic  unit  of  adenylate  cyclase.  When  there  is  an  abundance  of 
cellular  phosphoenol pyruvate  and  a  deficiency  of  extracellular  glucose,  the 
PTS  proteins  are  phosphorylated  to  a  large  degree;  a  high  level  of  phosphory- 
lation of  PTS  proteins  is  associated  with  a  high  level  of  adenylate  cyclase 
activity.  On  the  other  hand,  when  the  cells  are  exposed  to  a  high  concentra- 
tion of  extracellular  sugar,  the  PTS  effects  the  transport  of  the  sugar 
resulting  in  the  accumulation  of  intracellular  sugar  phosphate.  Accompanying 
the  sugar  transport,  there  is  a  concomitant  dephosphorylation  of  the  PTS 
proteins;  a  low  level  of  phosphorylation  of  the  PTS  proteins  is  associated 
with  a  low  level  of  adenylate  cyclase  activity. 

Proposed  Course  of  Research: 

The  results  of  our  studies  on  the  mechanism  by  which  the  PTS  regulates  the 
activity  of  adenylate  cyclase  has  led  to  the  development  of  the  concept  that 
a  phosphorylation-dephosphorylation  mechanism  controls  the  activity  of  adeny- 
late cyclase.  This  idea  has  been  accepted  in  the  literature.  However, 
studies  of  other  investigators  have  raised  questions  as  to  the  identity  of  the 
specific  protein  of  the  PTS  which  actually  complexes  with  the  catalytic  unit 
of  adenylate  cyclase.  The  scheme  we  have  developed  proposes  that  Enzyme  I  is 
the  regulator  protein,  while  another  group  has  suggested  a  different  protein 
as  the  candidate  for  the  regulator.  Some  of  our  efforts  in  the  future  will  be 
directed  to  attempts  to  resolve  this  question.  We  will  make  attempts  to 
purify  adenylate  cyclase  as  well  as  various  PTS  proteins  and  then  try  to  re- 
constitute complexes  that  show  regulatory  properties.  At  the  same  time,  we 
will  continue  to  learn  more  about  the  factors  other  than  the  PTS  that  play  a 
role  in  regulating  the  activity  of  adenylate  cyclase. 
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1)  Peterkofsky,  A.  and  Gazdar,  C:  The  Escherichia  coli  adenylate  cyclase 
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of  the  biology  of  thyrotropin  releasing  hormone  have  continued.  The 
te  of  thyrotropin  releasing  hormone  called  histidyl-prol ine  diketo- 
ne  has  been  the  focus  of  our  attention.  We  have  accumulated  further 

that  this  compound  is  biologically  active.  This  year  we  showed  that 
-proline  diketopiperazine  is  a  non-competitive  inhibitor  of  dopamine 
nto  synaptosomes.  An  exploration  of  the  mechanism  of  the  inhibition 
holamine  transport  by  the  peptide  revealed  that  histidyl-prol ine 
perazine  inhibits  the  sodium-potassium  dependent  ATPase  that  gener- 

ion-gradient  necessary  for  catecholamine  uptake. 
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Major  Findings: 

Our  efforts  to  explore  the  biological  activity  of  histidyl-proline 
diketopiperazine  have  continued.  This  peptide  was  discovered  by  us 
approximately  five  years  ago  as  a  metabolite  of  thyrotropin  releasing 
hormone.  Our  previous  studies  showed  that  the  peptide  is  more  active 
than  thyrotropin  releasing  hormone  in  antagonizing  the  sleep-inducing 
effects  of  ethanol  in  rats,  suggesting  that  the  diketopiperazine  might 
be  a  natural  antidepressant.  We  have  also  shown  that  histidyl-proline 
diketopiperazine  lowers  the  body  temperature  of  rats  that  have  been 
exposed  to  the  cold  and  that  thyrotropin  releasing  hormone  antagonizes 
the  hypothermic  effect  of  the  diketopiperazine.  We  have  further  shown 
that  both  thyrotropin  releasing  hormone  and  histidyl-proline  diketo- 
piperazine, when  injected  intraperitoneally  into  rats,  leads  to  an 
elevation  of  cyclic  GMP  levels  in  the  brain. 

Since  the  biochemical  basis  of  central  nervous  system  depression, 
thermoregulation  and  regulation  of  cyclic  nucleotide  levels  has  at 
times  been  associated  with  catecholamine  metabolism,  the  possibility 
that  the  effects  of  thyrotropin  releasing  hormone  or  histidyl-proline 
diketopiperazine  on  these  processes  might  be  mediated  by  effects  on 
catecholamine  biochemistry  was  explored.  Tests  of  dopamine  uptake  in 
striatal  synaptosomes  from  rats  revealed  that  thyrotropin  releasing 
hormone  did  not  affect  this  process,  but  histidyl-proline  diketopipera- 
zine produced  an  inhibition.  A  study  of  the  kinetics  of  the  inhibition 
showed  it  to  be  noncompetitive.  Since  the  transport  of  dopamine  is 
sodium-dependent,  the  possibility  that  the  inhibitory  effect  of  the 
peptide  was  at  the  level  of  sodium-potassium  ATPase  was  examined.  We 
showed  that  concentrations  of  histidyl-proline  diketopiperazine  that 
inhibited  dopamine  uptake  also  inhibited  sodium-potassium  ATPase. 
Exploration  of  the  mechanism  by  which  the  peptide  inhibites  the  ATPase 
enzyme  indicated  that  the  portion  of  the  enzyme  that  communicates  with 
the  external  environment  that  is  inhibited  by  ouabain  is  not  sensitive 
to  the  peptide.  However,  the  portion  of  the  ATPase  that  interacts  with 
the  cell  interior  that  is  inhibited  by  vanadate  is  modified  by  histidyl- 
proline  diketopiperazine.  The  sensitivity  of  sodium-potassium  ATPase 
to  inhibition  by  histidyl-proline  diketopiperazine  may  provide  a  basis 
for  understanding  the  abundance  of  effects  of  this  peptide. 

Proposed  Course  of  Research: 

Our  observation  that  histidyl-proline  diketopiperazine  inhibits  sodium- 
potassium  ATPase  suggests  that  this  peptide  may  be  a  general  regulator 
of  cell  membrane  properties.  We  look  forward  to  exploring  some  other 
ways  to  check  membrane  effects  of  this  peptide.  We  also  hope  to  develop 
some  methods  to  trace  the  possible  changes  in  cellular  concentration  of 
histidyl-proline  diketopiperazine  under  a  variety  of  physiological 
conditions. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  program  was  begun  to  devise  novel  molecular  probes  and  affinity  labels 
for  a-adrenergic  receptors.  Several  analogues  of  clonidine  (an  a?- 
adrenergic  receptor  partial  agonist),  and  other  a-adrenergic  ligands  were 
synthesized  and  tested  for  binding  to  a-receptors  of  rat  brain  and  N6108-15 
neuroblastoma  x  glioma  hybrid  cells.  In  the  latter  system,  a-receptor 
binding  of  [-^Hjclonidine  was  partially  characterized  and  correlated  with 
a2-receptor-mediated  inhibition  of  adenylate  cyclase.  A  hydroxyphenacetyl 
derivative  of  p-aminoclonidine  was  prepared  as  an  a-receptor  ligand  that 
may  be  iodinated;  this  compound  possesses  both  strong  a-receptor  partial 
agonist  activity  and  moderate  opiate-receptor  agonist  activity. 
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Project  Description: 
Objective: 

Little  is  known  about  the  molecular  properties  of  a-receptors.  Recent  work 
has  resulted  In  the  differentiation  of  at  least  two  classes  of  a-receptors, 
a]  and  a2.  Clonal  NG108-15  neuroblastoma  x  glioma  hybrid  cells  possess 
a2  receptors  that  mediate  the  inhibition  of  adenylate  cyclase.  We  previously 
proposed  that  activation  of  a2-receptors,  but  not  necessarily  ai-receptors, 
may  be  generally  associated  with  the  inhibition  of  adenylate  cyclase.  One 
approach  to  the  biochemical  characterization  of  a-receptors  is  to  prepare 
suitable  affinity  labels  that  will  specifically  react  covalently  with 
either  a]  or  a2-receptors.  In  addition,  there  is  a  need  for  radioiodinated 
and  fluorescent  a-receptor  probes. 

Major  Findings: 

Clonidine,  p-aminoclonidine,  and  N-(4-hydroxyphenacetyl )-4-aminoclonidine 
(HP-aminoclonidine)  were  shown  to  be  potent  partial  agonists  in  the  a- 
adrenergic-receptor  mediated  inhibition  on  NG108-15  adenylate  cyclase  (KQgpp 
300,  50,  130  nM,  respectively);  these  compounds  also  bind  with  high  affinity 
to  a2-receptors  of  rat  brain  and  NG108-15  membranes,  as  determined  by  dis- 
placement of  bound  [^Hjclonidine.  For  brain  membranes,  binding  of  [3h]- 
clonidine  that  is  displaceable  by  the  a-antagonist  phentolamine  has  been 
previously  characterized  as  binding  to  a2-receptors.  We  characterized  [^H]- 
clonidine  binding  to  NG108-15  membranes  in  order  to  correlate  binding  affin- 
ities with  inhibition  of  adenylate  cyclase  in  the  same  system.  [3H]Clon1dine 
binds  to  NG108-15  membranes  with  Kq  values  of  1.7  and  33  nM  for  apparent 
high-  and  low  affinity  sites,  respectively.  The  relative  proportions  of 
these  apparent  classes  of  sites  varied  among  different  preparations.  Clas- 
sical a-adrenergic  agonists  and  antagonists  displace  [-^Hlclonidine  from  these 
sites.  p-Aminoclonidine  and  HP-aminoclonidine  displace  [^Hjclonidine  from 
the  high-affinity  sites  with  Kq   values  of  2.3  and  5.8  nM,  respectively. 
Similar  affinities  of  the  analogues  for  rat  brain  a2-receptors  were  found. 
Radioiodination  of  HP-aminoclonidine  was  attempted,  but  so  far  without  reten- 
tion of  a-adrenergic  activity. 

In  the  NGl 08-15  system,  the  affinities  of  ligands  for  the  high-affinity  a- 
receptor  binding  sites  were  found  to  be  many  times  greater  than  the  corre- 
sponding potencies  in  the  inhibition  of  NG108-15  adenylate  cyclase.  This  dis- 
crepancy can  be  explained  by  the  findings  that  GTP,  ATP,  Na+  ions,  and  possi- 
bly other  components  of  the  adenylate  cyclase  system  inhibit  binding  of  a- 
receptor  agonists  to  the  high  affinity  site.  GTP  and  probably  Na"^  ions  are 
required  for  a-receptor-mediated  inhibition  of  adenylate  cyclase;  thus,  the 
high-affinity  [^Hjclonidine  site  may  represent  uncoupled  receptors,  while  the 
low  affinity  sites  may  represent  receptors  coupled  to  adenylate  cyclase. 

HP-aminoclonidine  possesses  opiate  receptor  agonist  activity  in  addition  to 
a-receptor  partial  agonist  activity.  This  analogue  inhibits  NG108-15  adeny- 
late cyclase  (Kq  0.7  yM),  and  most  of  the  inhibition  is  reversed  by  opiate 
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receptor  antagonists.  HP-aminoclonidine  also  displaces  [^Hjdihydromorphine 
and  [^HjD-Ala-Met-enkephalinamide  from  rat  brain  opiate  receptors  with  IC50 
values  of  0.6  and  0.12  yM,  respectively.  In  one  preliminary  experiment,  HP- 
aminoclonidine,  when  injected  subcutaneously  in  mice,  elicited  analgesia; 
the  receptor  mediating  this  effect  has  not  been  fully  characterized. 

In  addition,  other  compounds  were  synthesized  as  potential  affinity  labels 
for  a2-receptors.  These  included  bromo-acetyl  and  fluorosulfonyl  deriva- 
tives of  amino-clondine,  yohimbine,  and  phentolamine.  Several  promising 
compounds  are  currently  under  evaluation  by  Dr.  Atlas,  now  back  in  Israel. 

Significance  to  Biomedical  Research: 

Alpha-adrenergic  receptors  mediate  responses  to  norepinephrine  and  epine- 
phrine in  the  autonomic  nervous  system  and  in  a  variety  of  non-neuronal 
cells.  The  use  of  affinity  labels,  particularly  those  preferring  a]  or  a2- 
receptors,  should  enable  the  identification  of  the  molecules  constituting 
the  receptors.  The  potent  a-receptor  activity  of  the  analogue  HP-amino- 
cloiidine  is  an  indication  that  the  amino  group  of  p-amino-clonidine  will 
accept  modification  by  potentially  reactive  or  fluorescent  groups  with 
retention  of  biological  activity.  This  will  be  useful  to  produce  a  variety 
of  a-receptor  probes  of  high  affinity. 

The  NG108-15  system  is  one  of  the  best  available  systems  to  study  0-2- 
receptor-adenylate  cyclase  interaction.  It  may  serve  as  a  model  to  study  pre- 
synaptic a-receptors  that  regulate  norepinephrine  release  in  the  sympathetic 
nervous  system.  These  receptors  may  be  involved  in  blood  pressure  regulation 
and  in  the  etiology  or  pathogenesis  of  essential  hypertension. 

The  opiate-receptor  activity  of  HP-aminoclonidine  is  interesting  because  the 
compound  does  not  closely  resemble  other  opioid  compounds,  although  its 
structure  possesses  several  elements  thought  to  be  required  for  opiate  activ- 
ity. 

Proposed  Course: 

The  development  of  useful,  affinity  labels  for  a-adrenergic  receptors  is  being 
pursued  by  Dr.  Atlas,  who  has  returned  to  the  Hebrew  University,  Jerusalem, 
Israel.  Suitable  compounds  should  be  tested  in  the  NG108-15  system,  and  this 
may  necessitate  future  collaboration  with  the  NIH. 

Publications: 


1.  Atlas,  D.  and  Sabol,  S.L.:  A  novel  analogue  of  clonidine  with  opiate- 
receptor  agonist  activity,  Biochem.  Biophys.  Res.  Comm.  94,  924  (1980). 
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